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Call for Papers
Submissions are now open and welcomed on all aspects 
of corrosion and its control for Corrosion & Prevention 
2018. Papers are subject to peer review and if accepted 
will be published in the Conference Proceedings.

Critical dates for acceptance of abstracts and papers are:

Close of Abstracts: 19 March

Acceptance of Abstracts: 23 April

Receipt of Papers: 4 June

Submit an Abstract
Please refer to conference.corrosion.com.au 
for further information about the submission process.

Guide to Submission
Papers submitted to the Corrosion & Prevention 2018 
Conference must be an unpublished original work. 
It is the responsibility of the author to obtain necessary 
clearance/permission from their organisation. Copyright 
of the paper is assigned to the ACA. Abstracts should 
include the names of all authors, an appropriate title 
and a brief summary. All authors who are accepted are 
required to present their paper at the conference.

The Destination - ADELAIDE
Adelaide is an inspiring and dynamic and cultured city. 
Stylish and artistic it is large enough to be cosmopolitan 
yet compact and convenient. Renowned across Australia 
as the Festival City, Adelaide’s appreciation of the arts 
goes hand in hand with excellent food and fine wines.

Situated between the beautiful Adelaide Hills and 
the long white beaches of the Gulf of St. Vincent, 
Adelaide with a population of approximately 1.2 million 
is a picturesque city which is tranquil, convenient and 
has the energy of a modern city.

Adelaide is conveniently located within an hour’s drive 
of some Australia’s most famous and beautiful wine 
producing region including the Barossa Valley. Other 
sight-seeing areas famous to the area and well worth 
a visit are the include Flinders Ranges and scenic and 
peaceful Kangaroo Island.

Adelaide ticks all the boxes

Check it out 
http://southaustralia.com/

FIRST ANNOUNCEMENT & CALL FOR PAPERS
11–14 NOVEMBER 2018 | ADELAIDE CONVENTION CENTRE

MAJOR SPONSOR:Standard

Jotun blue

Black and white
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MAJOR SPONSOR:Standard

Jotun blue
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Technical Topics
Corrosion & Prevention 2018 invites technical papers on 
all subjects related to corrosion. The conference will bring 
together leading researchers and industry practitioners 
who combat corrosion on a daily basis. Diverse technical 
streams will showcase the latest developments in 
corrosion, ranging from fundamental corrosion science to 
hands-on application. Submissions may include research 
papers, review papers and case studies related to the 
technical streams and industry sectors below:

Technical Streams
Concrete
• Concrete deterioration
• Reinforcement corrosion
• Concrete coatings & repair
• Cathodic protection of reinforcement
Steel Corrosion
• Coating of steel structures
• Cathodic Protection of steel structures
• Microbiologically influenced corrosion of steel
• Steel in a marine environment
Water Infrastructure
• Pipe corrosion and Condition Assessment
•  Water Treatment Plant & Waste Water Treatment 

Plant Corrosion
Oil & Gas
• Cathodic protection of pipelines
• Refinery issues
• Marine structures
High temperature corrosion
• Non-ferrous metal corrosion
Asset Management
Other Corrosion issues

Industry Sectors
This conference will have material of value to those 
working with the following industries:
• Building and construction
• Cultural and historical materials preservation
• Defence (air, land & sea).
• Education and research
• Food processing
• Government
• Marine, transportation and infrastructure
• Mining and resources
• Oil & Gas
• Power Generation and energy systems
• Water and wastewater

Conference Organising Committee
• Alex Shepherd (Convenor)
• Sam O’Neill

Conference Technical Committee
• Geoff White (Technical Chair)
• Bruce Hinton
• Mike Tan
• David Nicholas
• Greg Moore
• Paul Vince

Sponsorship and Exhibition
Sponsorship will enable your organization to make a 
significant contribution towards the success of Corrosion 
& Prevention 2018.  In return, the conference offers strong 
branding and exposure in a focused and professional 
environment.  As with every Conference, the exhibition 
forms an integral part of the activities and provides 
companies with an opportunity to come face to face 
with delegates, providing a marketplace to increase 
your organisation’s visibility and to showcase and 
demonstrate your products and services.  The C&P2018 
Welcome Function will be held in the Exhibition area 
along with conference day catering.  Visitor trade passes 
for exhibitor clients and the general public will also be 
made available closer to the event. 

Limited opportunities are available so book now 
to avoid disappointment via the conference website 
– conference.corrosion.com.au

For further information, pleases contact Lucy Krelle, 
Event Manager at the Australasian Corrosion Association 
+61 3 9890 4833 or email lkrelle@corrosion.com.au

Your Hosts
The Australasian Corrosion Association 
Incorporated (ACA) is a not-for-profit, industry 
association, established in 1955 to service 
the needs of the Australian and New Zealand 
companies, organisations and individuals involved in the 
fight against corrosion.

The mission of the ACA is to be leaders throughout 
Australasia in disseminating knowledge to enable best 
practice in corrosion management, thereby ensuring the 
environment is protected, public safety is enhanced and 
that economies are improved.

conference.corrosion.com.au
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The Australasian Corrosion Association Inc
The ACA is a not-for-profit, membership Association which 
disseminates information on corrosion and its prevention 
or control by providing training, seminars, conferences, 
publications and other activities.

Corrosion & Materials
Corrosion & Materials is the official publication of 
The Australasian Corrosion Association Inc (ACA). Published 
quarterly, Corrosion & Materials has a distribution of 2,500 to ACA 
members and other interested parties. Each issue features a 
range of news, information, articles, profiles and peer reviewed 
technical papers. Corrosion & Materials publishes original, 
previously unpublished papers under the categories ‘Research’ 
and ‘Professional Practice’. All papers are peer reviewed by at 
least two anonymous referees prior to publication and qualify 
for inclusion in the list which an author and his or her institution 
can submit for the ARC ‘Excellence in Research Australia’ list 
of recognised research publications. Please refer to the Author 
Guidelines at www.corrosion.com.au before you submit a paper 
to Tracey Winn at twinn@corrosion.com.au

ACA also welcomes short articles (technical notes, practical 
pieces, project profiles, etc.) between 500 – 1,500 words with high 
resolution photos for editorial review. Please refer to the Article 
Guidelines at www.corrosion.com.au before you submit a short 
article to Tracey Winn at twinn@corrosion.com.au
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Happy New Year!

Well another corrosive year is upon 
us and the ACA has a busy corrosion 
mitigation calendar of training and 
events. See pages 7 and 8 or print your 
copy online now and take note of a 
training course or a technical event 
suitable for you.

I encourage you all to share an event 
with colleagues and come along to learn 
and network in 2018.

2018 will continue to see our markets 
grow and corrosion consulting and 
sales return to better levels than years 
gone by.

We sadly say goodbye to our EO 
of four years and 10 years with the 
ACA, Wesley Fawaz who’s time at the 
ACA saw him grow into an industry 
association leader sought after by other 
not for profit organisations.

It has been a privilege to support 
Wesley and see his growth firsthand. 
We appreciate his hard work over these 

many years and his positive impact on 
our Association. Wesley has provided 
exceptional leadership in managing 
a major transition and nurturing 
strong partnerships with our industry 
training partners. His dedication and 
commitment have shaped the ACA into 
what it is today.

Wes will be greatly missed by the 
members, the Board and especially his 
staff. We wish him a successful future as 
he seeks to further his career.

Wesley on behalf of your ACA family, 
we thank-you so much for all your hard 
work and dedication to the cause and 
we wish you, Victoria and the girls all 
the best in your new life journeys.

Wes’s replacement search is currently 
underway and an announcement 
will be made when the new EO has 
been appointed. 

Dean Wall
Chairman

 CHAIRMAN'S MESSAGE

Dean Wall
Chairman
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Part of the role of the ACA is to organise events that bring together industry experts to 
present on new technologies, updates to standards, and share knowledge and experiences 

via case studies on a variety of projects. Here are the events planned for 2018.

Branch Events
Each of the 8 ACA Branches will conduct regular 
technical events throughout 2017. To enquire, 
you may contact your local Branch at the following 
email addresses:

New South Wales: nsw@corrosion.com.au 
New Zealand: nz@corrosion.com.au 
Newcastle: ncl@corrosion.com.au 
Queensland: qld@corrosion.com.au 
South Australia: sa@corrosion.com.au 
Tasmania: tas@corrosion.com.au 
Victoria: vic@corrosion.com.au 
Western Australia: wa@corrosion.com.au

YCG Events
Targeting individuals under 35, new to the corrosion 
industry and/or interested in the corrosion industry, 
the ACA Young Corrosion Professionals conduct regular 
events. For further details email ycg@corrosion.com.au 
or go to www.corrosion.com.au 

May
Coatings Technical Group 
Thursday 10 May  |  Newcastle
Australian Electrolysis Meeting 
Thursday 24 May  |  Brisbane
Concrete Technical Group 
Friday 25 May  |  Brisbane

June
Oil and Gas Technical Group 
Thursday 21 June  |  Perth
CUI Prevention and Mitigation 
Tuesday 19 & Wednesday 20 June  |  Perth 
Monday 25 & Tuesday 26 June  |  Sydney 
Thursday 28 & Friday 29 June  |  New Plymouth

July
Designing for Durability in the Built Environment 
Thursday 5 July  |  Auckland
APGA Joint Pipeline Seminar 
Thursday 26 July  |  Brisbane

August
Water Technical Group 
Tuesday 21 - Wednesday 22 August  |  Melbourne

September
Roads and Infrastructure - AustRoads 
Thursday 13 September  |  Sydney

October
Corrosion Management for Industrial Assets 
Thursday 18 October  |  New Plymouth

November
NACE Joint Event – Marine Corrosion 
Tuesday 20 November  |  Cairns
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November 28, 2017 
The Editor 
CORROSION

Sirs,

LUCINDA BULK SUGAR TERMINAL

I refer to David Edelman's excellent 
article in the November issue of 
Corrosion & Materials.

Cathodic Protection Services designed 
the CP system for the piles of this jetty 
which was commissioned in late 1979. 
We subsequently undertook annual 
inspection and testing of the CP system 
over many years.

Lucinda was my first experience with 
alkaline silicate reaction. This was 
discovered when the precast deck planks 
began grinding together resulting in 
cracking of the concrete and exposure 
of the reo. Cathodic protection of the 

concrete was investigated as a solution 
to the problem.

My purpose in writing is David's 
comments relating to the extent of 
protection achieved in the tidal zone. 
We undertook experiments to determine 
the extent of protection achieved in this 
area. This involved suspending steel rods 
in the water at a number of locations, 
some of which were connected into the 
CP system and some not.

In every location we found the 
protection was satisfactory for 38% of 
the tidal zone. From our observations, 
there was no "tailing off" of protection. 
There was the corroded bit and the 
protected bit.

The above investigation was undertaken 
because another wharf on the 
Queensland coast had suffered coating 
failure and the remedial work involved 
application of petrolatum tapes. The 

question put to us was how far into the 
tidal zone the wrapping should extend.

I trust the above is of interest to you and 
your readers.

Yours faithfully,

Bill McCaffrey

Letter to the Editor

 NEWS

CATHODIC PROTECTION SERVICES  
Telephone  (61.2) 9745 2785 

P O Box 118 

Fax No:  (61.2) 9744 8542 

CONCORD   NSW   2137 

Email: cathodic@pnc.com.au 

   
W R McCaffrey Pty Ltd                                                                                                                                                                                   Specialists in 

trading as                                                                                                                                                                                      Condenser Cathodic Protection 

Cathodic Protection Services                                                                                                                      Cathodic Protection Design, Testing & Maintenance 

ACN:  001 853 256                                                                                                                                             Stray Traction Current Evaluation & Mitigation 

ABN:  53 001 853 256                                                                                                                                                                  Corrosion Failure Investigation 

  
 

 
 
November 28, 2017 
 
The Editor 
CORROSION 
 
Sirs, 
 

LUCINDA BULK SUGAR TERMINAL 
 I refer to David Edelman's excellent article in the November issue of Corrosion. 

 
Cathodic Protection Services designed the CP system for the piles of this jetty 
which was commissioned in late 1979.  We subsequently undertook annual 
inspection and testing of the CP system over many years.  
Lucinda was my first experience with alkaline silicate reaction.  This was discovered  
when the precast deck planks began grinding together resulting in cracking of the 
concrete and exposure of the reo.   Cathodic protection of the concrete was 
investigated as a solution to the problem.  
My purpose in writing is  David's comments relating to the extent of protection 
achieved in the tidal zone.   We undertook experiments  to determine the extent of 
protection achieved in this area.  This involved suspending steel rods in the water at 
a number of locations, some of which were connected into the CP system and some 
not. 
 
In every location we found the protection was satisfactory for 38% of the tidal zone.   
From our observations, there was no "tailing off" of protection. There was the 
corroded bit and the protected bit.  
The above investigation was undertaken because another  wharf on the Queensland 
coast had suffered coating failure and the remedial work involved application of 
petrolatum tapes.   The question put to us was how far into the tidal zone the 
wrapping should extend.  
I trust the above is of interest to you and your readers.  
Yours faithfully, 
 
 
 
Bill McCaffrey 
 
 

ACA Technical Group Event
CUI Prevention & Mitigation 2 Day workshops
3 Workshops

Perth – Tuesday 19 & Wednesday 20 June

Sydney – Monday 25 & Tuesday 26 June 

New Plymouth – Thursday 28 & Friday 29 June 

PETER BOCK

Registration Opening Soon 
via the ACA website (note 
registrations for this event 
will close on Friday 25 May 
2018 so book early to avoid 
disappointment).

Corrosion Under Insulation Prevention & Mitigation
This workshop series in Perth, Sydney and New Plymouth will be 
taught by international Corrosion Under Insulation (CUI) specialist and 
consultant Peter Bock from Houston, USA. Peter has over thirty years’ 
experience in elevated temperature coatings and CUI, has published 
numerous articles on CUI issues, and has spoken at NACE, SSPC, ICC 
and other national and worldwide conferences regarding CUI problems 
and solutions. The workshop is dedicated to design, specification and 
inspection of corrosion control systems to prevent CUI in new or aged 
equipment covering causes of CUI, current state-of-the-art CUI coating 
systems, inspecting and evaluating aged CUI in the field, suitable CUI 
repair coating systems, and more.
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ACA/ACRA Corrosion & Protection of 
Concrete Structures

Member $1170 Non-member $1465

Melbourne  March 19-20

Sydney  June 4-5

Brisbane  September 6-7

ACA Coating Selection 
& Specification 

Member $1640    Non-member $1995

Adelaide  April 30 – May 2

Perth  June 13-15

Sydney  September 3-5

NACE Cathodic Protection 
 CP 1 – Tester

Member $3500 Non-member $3855

Sydney  April 30 – May 4

Brisbane  September 10-14

NACE Cathodic Protection 
CP 1 – Tester

Member $2736.85 Non-member $3000

Bangkok  June 11-15

NACE Cathodic Protection 
 CP 2 – Technician

Member $3500 Non-member $3855

Sydney  May 7-11

Brisbane  September 17-21

NACE Cathodic Protection 
 CP 2 – Technician

Member $2736.85 Non-member $3000

Bangkok  June 18-22

NACE Cathodic Protection 
CP 3 – Technologist

Member $3500 Non-member $3855

Brisbane  September 24-29

Hot Dip Galvanizing Inspector Program 

Member $1640 Non-member $1995

Melbourne  March 5-6

Brisbane  July 12-13

Sydney  November 29-30

Corrosion Technology Home Study 

Member $2450   Non-member $2870

At Home  Start anytime

Corrosion Technology Certificate 

Member $2450   Non-member $2870

Brisbane  May 21-25

Melbourne  October 15-19

NACE Coating Inspection Program 
Level 1

Australia Member $3950 Non-member $4490 
Thailand Member $3105 Non-member $3348

Perth  February 5-10

Brisbane  March 12-17

New Zealand  May 7-12

Melbourne  June 4-9

Pattaya  June 18-23

Perth  July 9-14

Brisbane  August 20-25

Sydney  September 24-29

Adelaide  October 29-November 3

Pattaya  November 19-24

Perth  December 3-8

NACE Coating Inspection Program 
Level 2 

Australia Member $3950 Non-member $4490 
Thailand Member $3105 Non-member $3348

Perth  February 12-17

Brisbane  March 19-24

Pattaya  June 25-30

Perth  July 16-21

Brisbane  August 27-September 1

Adelaide  November 5-10

Pattaya  November 26-December 1

Prerequisites now apply to this course.

NACE Pipeline Corrosion Integrity 
Management

Member $2950  Non-member $3250

Brisbane  July 30-August 3

SSPC Concrete Coating Inspection 
Program

Level 1 $3150  Level 1 and 2 $3675

Melbourne  April 9-14

Did you know that you can have 
ACA’s suite of courses come to you? 

IN-HOUSE TRAINING

The ACA can present any of its courses 
exclusively for an organisation; we 
can also tailor any course to your 

organisation’s specific needs. 
Please contact the ACA’s training 
department on +61 03 9890 483 

 or aca@corrosion.com.au

All Australian course fees listed are 
GST inclusive. All NZ and Thailand 
course fees are exempt from GST.

To calculate the fee pre-GST, divide the fee by 1.1

ACA Training Calendar 
All registrations are subject to ACA’s published terms, conditions and policies
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 NEWS

Wesley Fawaz left the ACA on Friday 
19 January, after four years as Executive 
Officer and ten years with the ACA. 

Wesley was firstly employed with the 
ACA in 2007 as a Marketing Coordinator 
to reignite the ACA’s national technical 
events. Following a staff restructure 
in 2008, Wesley was promoted to 
Marketing Manager to manage the 
annual conference (including the 2011 
international congress), publish Corrosion 
& Materials and continue organising the 
national technical events. In 2012 he 
was promoted to Deputy CEO and again 
as Executive Officer in 2013.

Some of Wesley’s Achievements

  He coordinated and oversaw over 
120 national technical events

  He revamped the ACA branding

  He coordinated and oversaw nine 
annual conferences including the 
2011 international conference

  He published 28 issues of 
Corrosion & Materials

  He managed a major financial 
turnaround, following a big loss in 
2013, to four consecutive surplus years

  He managed a major governance 
review implementing a new 
Constitution, skills based Board, etc.

  He negotiated a new 5-year 
agreement with NACE International 
on CIP, CP & Pipeline training

  He negotiated a three-year agreement 
with NACE International to license 
the ACA concrete course in the USA

Anyone who has met, known or worked 
with Wes will know he is a ‘top bloke’, 
diligent, intelligent, honest, fair, fun 
and flexible. His hard work over many 
years has had a very positive impact 
on our Association which has shaped 
the ACA to where it is today. Wesley 
has provided exceptional leadership 
in managing a major transition and 
nurturing strong partnerships with 
our industry training partners. He will 
be greatly missed by his small team of 
hardworking staff and the members, 
some of whom he has known for a long 
time and with whom he has developed 
life long term freindships.

We are very sad to see him go and we 
wish him a bright and successful future 
as he progresses his career with Bowls 
Victoria. All the best Wes! 

Farewell to Wesley Fawaz

 The world leader in humidity control with services for 
dehumidification, humidification and temperature control.

Munters fleet of desiccant dehumidifiers and temperature control systems have been successfully eliminating the risk of coating 
failures in surface preparation and coating projects and risk of corrosion during maintenance outages for 10 years in Australasia. 
Some of the benefits of Munters temporary climate control systems include:

• Elimination of moisture related blistering and curing failures in industrial coating applications
• Prevention of flash rust blooms that reduce the adhesion of coatings
• Linings and coatings are applied and cure within manufacturers climatic specifications
• Weather related work delays are eliminated
• Improved production rates, quality of work and extended coating life

Munters can offer short term or long-term climate control for any industrial or commercial application. Contact us:

Munters Pty. Ltd.
Tel: + 61 2 8843 1588
Toll Free: 1800 008 379
dh.info@munters.com.au
www.munters.com.au

Start Finish
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Corrosion Control Engineering flexed 
its engineering muscle at the recent 
Corrosion & Prevention Convention 
in Sydney by bringing their four NACE 
CP-4 Specialists together, from all 
over Australia.

The NACE CP Specialist (CP-4) is the 
highest level of Cathodic Protection 
certification offered by NACE, and CCE 
has more Corrosion Engineers qualified 
at this level than any other company 
in Australasia.

The ACA provides NACE training 
courses for Cathodic Protection and 
other corrosion industry specialist fields.  
For further information on the NACE CP 
courses go to www.corrosion.com.au.

A Show of Force from CCE

Will the real Dean Wall please 
sit down?

CCE’s four NACE CP Specialists are pictured above. From left to right: Jim Galanos (Sydney), 
John Grapiglia (Perth), Iginasio Muvimi (Melbourne) and Ryan McKay (Brisbane).

The two Deans met at C&P2017. Dean Wall from Cake Commercial Services and Dean Wall from Jotun (also ACA Chair). Note the disimilarities.

NEWS 
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Corrosion Control Engineering (CCE) 
has recently appointed Jason Paterson 
as the company’s Group General 
Manager and Alan O’Connor as their 
New Zealand Manager.  

Jason Paterson has been a familiar 
face at ACA events, having held 
the position of Group Business 
Development Manager for CCE during 
the past two years.  

Alan O’Connor originally joined CCE in 
2006 and after a few years at APA Group 
between 2013 and 2017, he returns to 
the CCE team to head up their New 
Zealand operation in the position of NZ 
Manager / Senior Corrosion Engineer, 
based in CCE’s New Plymouth office.

CCE’s New Zealand business has grown 
from a two man operation in 2013 to 
seven staff in 2018, located in both the 
North and South Islands, with the head 
office in New Plymouth.

As CCE continues to expand its 
operations in the corrosion control 
and cathodic protection industry, 
Mr Paterson said: 

“These are exciting times for CCE 
as we strengthen our position as the 
leading CP and corrosion specialist in 
Australasia. With a commitment to 
quality engineering and technical field 
services, we continue to invest in the 
training of our staff and in the hiring of 
high-calibre individuals from within our 
region and around the world.  

We are proud to say that as a company, 
we have more NACE certified CP 
Technicians & CP Specialists than any 
other company in Australasia, and this 
number will continue to grow as we 
commit to more and more of the CP 
training courses offered by ACA/NACE 
in Australia each year.”

CCE Staff Appointments

Jason Paterson. Alan O’Connor.

 NEWS

ACA member Wayne Thomson has 
been elected onto the ACA Board. 
Elections were held at the ACA 
Council meeting in November 2017 

with Wayne being appointed 
along with Dean Wall and Graham 
Carlisle who were reappointed 
as directors.

Wayne is the General Manager of PFP 
Systems and holds an engineering 
degree and a Ph.D in business, 
specialising in firm growth. He has 
been heavily involved with the ACA 
NZ Branch while employed by Denso 
(New Zealand) Limited and Anode 
Engineering (NZ) and is currently on 
the committee of the ACA QLD Branch 
where he currently resides.

Wayne said “the ACA has helped 
tremendously with my personal 
technical and professional development 
to the point I am able to contribute 
at a number of levels to the ongoing 
quality of infrastructure management 
across Australasia. I now look forward 
to merge my engineering and business 
backgrounds and offer my unique blend 
of skills to the ACA Board”.

Wayne replaces Allan Sterling who 
retired after serving on the ACA Board 
since 2013.

ACA welcomes new director

Wayne Thomson
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Experience to date on E.ON’s Arkona 
offshore windfarm project, the first use 
of a new corrosion protection concept, 
suggests that it is significantly less 
expensive than conventional techniques.

The concept of using thermally 
sprayed aluminium to prevent 
corrosion is widely used in the 
offshore oil and gas industry but has 
only recently begun to be used in the 
offshore wind industry.

Corrosion protection and management 
of foundations for offshore wind 
turbines is a potentially costly 
undertaking in terms of initial capital 
outlay and in long-term maintenance. 
The current solution of paint and 
sacrificial anodes not only slows 
foundation construction time but has a 
limited lifetime that requires frequent 
inspection and maintenance activities. 
Anodes require additional secondary 
steelwork to be added to a foundation, 
and paint requires many days to dry, 
slowing production times and adding 
cost. The first application of thermally 
sprayed aluminium was on the Arkona 
offshore windfarm, for which the 
foundations have now been installed.

Speaking at a recent conference, 
representatives of E.ON Climate & 
Renewables, consultant Rambøll 
Germany (who designed the monopile 
foundations for the Arkona project) 
and monopile contractor EEW provided 
an insight into their experience with 
the process, which they anticipate can 
significantly reduce the environmental 
impact during operations compared to 
conventional methods.

The new technique replaces 
conventional coatings and anodes 

and reduces manufacturing and 
maintenance costs. The technique, 
thermally sprayed aluminium, has 
been widely used to protect structures 
in the offshore oil and gas industry 
but has not been used until now in the 
offshore wind industry.

E.ON chose to protect all 
60 foundations for the Arkona 
offshore windfarm in the Baltic 
with 350 microns thermally sprayed 
aluminium. It believes this will be 
more cost-effective than conventional 
coatings and will be more 
environmentally friendly because it 
will eliminate the gradual deposit of 
tonnes of paint-based products on 
the seabed as corrosion takes place. 
EEW developed innovative solutions 
on behalf of E.ON to implement the 
process on an industrial scale at its 
facility in Rostock and built what is 
believed to be the world’s first fully 
automated coating line for thermally 
sprayed aluminium. Because the 
process is automated, it can lead to 
significant cost savings compared with 
conventional corrosion protection.

The foundations for the project are 
being installed in water depths ranging 
from 23 m to 37 m, have a diameter 
ranging from 7 m to 7.75 m, are 55–80 
m in length, weigh between 667 tonnes 
and 1,247 tonnes and are being driven 
between 27 m and 43 m into the seabed. 
A number of different ways of protecting 
them were investigated, including anode 
rings combined with conventional 
coatings to DNV GL standards.

However, the team working on the 
corrosion protection aspects of the 
project also investigated thermally 
sprayed aluminium and its use in 

projects such as bridges and the Gjøa 
offshore platform. They conducted a 
comparison of the advantages/benefits 
and costs of a conventional approach 
to corrosion control and a cost-benefit 
analysis comparing existing techniques 
with the new one. They found that 
the thermally sprayed aluminium 
technique was less expensive overall 
by approximately 30%, mainly as a 
result of the elimination of anodes and 
a reduction in fabrication costs.

Having conducted a comparison of 
the various codes used for corrosion 
protection, they also estimate that 
thermally sprayed aluminium will have 
a service life of in excess of 27 years, 
which compares well with conventional 
corrosion protection techniques.

E.ON and Rambøll acknowledge that, 
as with any corrosion protection 
technique, there are issues to address 
when using thermally sprayed 
aluminium. These include the fact that, 
when monopiles are driven into the 
seabed, some damage to the coating 
must be expected. Experience in other 
areas suggests that, although the 
technique works well in water, in the 
splash zone, where conditions differ, the 
level of protection provided may be less 
effective. Not all of a monopile needs 
to be coated with thermally sprayed 
aluminium, they note, but partial 
coating can reduce the lifetime of the 
aluminium coating, so a conservative 
approach in which the entire structure 
is coated might be best.

Story and accompanying image 
courtesy Offshore Wind Journal 
www.owjonline.com

Corrosion protection concept 
offers 30% cost saving

NEWS 

Work to date suggests that thermally sprayed aluminium could form the basis of a new corrosion protection system for monopiles.
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Training and education forms an 
important part of the ACA’s service 
offering to our individual and 
corporate member organisations 
as well as to the broader corrosion 
industry and as such, it was decided 
that an annual award recognising 
a commitment to the training and 
professional development of our 
industry professionals be introduced. 

The ACA is proud to announce the 
inaugural ACA ‘Aude Sapere’ (Dare to 
Know) Training Commitment Award.

The award is assessed on:

  The total number of training days for 
ACA delivered training courses booked 
and delivered to an individual or to a 
company’s employee’s in a 12-month 
period commencing January 1 through 
to December 31 of the same year. 

Eligibility for the award is based on:

  The recipient must be a current 
financial individual or member 
organisation of the Australasian 
Corrosion Association Inc. 

The ACA ‘Aude Sapere’ Training 
Commitment Award for year 2017 has 
been awarded to New Zealand based 
contractor - TBS Group. 

Congratulations to Graham Matthews 
and the team at TBS Group, well done 
on winning the award and we are sure 
the crystal trophy recognising TBS 
Group’s achievement will be proudly 
displayed for many years to come.

The annual award also comes with a 
free Corrosion & Materials advertorial for 
the winner.

“TBS Group won the 2017 award with 
a total of 78 days training booked 
and attended by their personnel. It’s 
a fantastic effort and an excellent 

example of why TBS Group are 
considered an ‘employer of choice’ 
within the corrosion industry,” said 
Ross Boucher, BDM ACA 

The result was very close with 
honourable mentions going to:

  Corrosion Control Engineering with 
54 Days training

  ASC Pty Ltd – 46 Days 

  Dulux Protective Coatings & 
Gladstone Ports Corp. – 42 Days each.

It comes as no surprise that these 
organisations are amongst the leading 
players in their areas of expertise 
in corrosion mitigation and we 
congratulate and thank them all for 
their ongoing support of our industry 
training programs.

Ross Boucher.

ACA Training Commitment Award

Graham Matthews of TBS Group receives the inaugural Training 
Commitment Award from Raed El Sarraf, the ACANZ President.

Rustrol® Cathodic Isolator®  
effectively blocks the DC current  
needed for cathodic protection,  
while providing a grounding path for:

	• AC Fault Currents

	• Lightning Protection

	• Mitigation of Induced AC Voltages

	• Power Switching Surge Currents

Cathodic Isolator® features  
electronic/electrical construction  
that responds instantly, protecting 
personnel and equipment against 
electrical shock hazards.

E-mail: Contact@Rustrol.com 
Central Fax: 905-333-4313

www.Rustrol.com

INTERNATIONAL CORROSION CONTROL INC. 

INTERPROVINCIAL CORROSION CONTROL COMPANY LTD.
Industry Leaders … since 1957
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The growing populations and economies 
of the Asia-Pacific region produce 
increasing demands for safe and durable 
transport and infrastructure. 

In addition to harsh operating 
environments of vehicles reducing 
their effective service life, variable 
climates—from tropical coast 
lines through alpine highlands to 
sulphurous steam in active tectonic 
areas—can also be damaging to any 
truck, ute or car. By using a high-
build, rapid setting form of surface 
protection, the service life of a vehicle 
and associated vehicular equipment 
can be extended, in addition to 
reducing maintenance and repair costs.  

Rhino Linings Australasia (RLA) 
produces a range of premium spray-
applied lining and coating products that 
provide maximum protection against 
corrosion, abrasion and impact. The 
coatings form a permanent air and 
water-tight bond that inhibits corrosion 
and substrate damage. 

According to Denis Baker, International 
Sales Manager at RLA, Rhino Linings 
joined an Australian Automotive 
Aftermarket Association (AAAA) 
organised 'road show' to several 
countries in SE Asia with the assistance 
of Austrade. “We were grateful to be 
asked to participate in the mission and 
work with the staff of the Association 

and Austrade and leverage their wealth 
of knowledge and experience to open a 
number of opportunities for us,” he said.

In Indonesia and Thailand, RLA 
conducted training of the local 
technicians. While setting up the Thai 
Rhino Linings applicator, RLA was 
approached by an organisation in Fiji 
that was interested in being the Rhino 
Linings representative for that region. 

The company's dealers and applicators—
in whatever country they operate—
have access to the same product range. 
Rhino manufacture all products on 
the Gold Coast and ship to dealers and 
applicators throughout the region.

RLA expands protective 
coating offering throughout 
Asia Pacific

Denis Baker (centre) with Auttapol ‘Ta’ Rungsiyaphornratana  (left) and Saetasira ‘Boyd’ Sintuwongsanondh (right).
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The Boggo Road Gaol hosted 
Queensland corrosionists and partners 
on the 5th December. Members 
travelled from the Gold Coast and 
Townsville to enjoy an unusual setting. 
The historic landmark dominated 
the Brisbane skyline for many years. 
It was in operation for 109 years 
transitioning from remand, short 
term to maximum security and 
finally a woman's prison. It was 
also where executions took place 
of some of Queensland's most 
notorious criminals. 

Against this backdrop the guests were 
treated to a guided tour, examining 
cell block two, hearing stories of how 
the inmates lived (and died). The 
small cells were at one stage used to 
house 3 prisoners, with only one bed, 
one latrine bucket and very little else 
between, making it harder still, there 
was no heating or cooling to ease their 
stay in the depths of winter and the 
sticky heat of summer. The graffitti 
on the lead paint covered walls was a 
veritable time capsule of anger, sorrow 
and angst. As the guests settled down 

to their dinner, Nick Doblo, the Branch 
president thanked the sizeable crowd 
of 61 for attending and a special thank 
you went to John Triebe for organising 
the event and Graeme and Allison Kelly 
for the decorations. 

An added bonus was a late tour of the 
darkened gaol with its "ghosts" for those 
brave enough to venture back into the 
cell blocks later that night.

Wayne Thomson

Queensland Branch go to Gaol!
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THERE’S ONLY 1 CHOICE. SEE YOU IN PHOENIX!
April 15 - 19, 2018 | Phoenix Convention Center | Phoenix, Arizona USA

6500+ 
ATTENDEES
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Auckland Division 
BillFish Café 
15 December 2017

The ACANZ Auckland Division Xmas 
function for the year was held 
at the BillFish Cafe adjacent to 
Z-Pier at Westhaven Marina, on 
15th December 2017.

Visiting members attended from 
as far away as Whangarei. After 
refreshments and a social gathering 
the attendees enjoyed a three-course 
Xmas dinner that was superb fare for 
the Xmas occasion.

The Auckland Xmas function was 
organised by ACA Committee Member 
Ash Arya (CSP Coatings Ltd) who also 
sponsored wine that was consumed 
during the Xmas dinner.

Les Boulton 

13th December 2017 
Novotel Newcastle Beach

By delivering a synergistic combination 
of professional networking, 
entertainment and applied research case 
studies, the Newcastle Branch fulfilled 
its promise towards its 2017 Xmas 
event. The site: Novotel Newcastle 
Beach overlooking part of the well-
known steel city of Newcastle. The 
attendees: A healthy combination of 
young and old, experienced and junior, 
life and new ACA members as well as 
colleagues from Sydney.

Professor Robert Melchers' team 
from the University of Newcastle 
provided both an entertaining and 
technical presentation for the night’s 
46 attendees. Dr Igor Chaves led a 

group of four PhD students with an 
overview on how the industry and 
business partners would benefit from 
academic research. The format of 
the presentation was such that each 
speaker had approximately 4 minutes 
to discuss a particular problem, what 
has already been done on the subject, 
detail the scientific methodology 
and finally showcase how the 
outcomes would benefit industry. For 
a comprehensive overview of The 
University of Newcastle corrosion 
related research profile, please refer to 
The Corrosion and Materials Vol 42 No 
4 issue of November 2017 or Professor 
Melchers and Dr Chaves online 
profiles at The University of Newcastle 
website (www.newcastle.edu.au).

Igor Chaves

ACA Christmas Parties

Newcastle Christmas Function

 BRANCH AND YCG EVENTS
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Corrosion of Concrete 
Structures 

Melbourne: March 19-20  |  Sydney: June 4-5  |  Brisbane: September 6-7

Background
This course has been updated and provides an understanding of the mechanisms of the 
corrosion, protection and repair of reinforced concrete structures and buildings. It has been 
particularly designed for those who have the task of resolving the problems of corrosion of steel 
reinforced, prestressed and post tensioned concrete elements.

Course Contents
The course is delivered as a series of 11 lectures as follows:

• The Characteristics of Cement and Concrete

• Concrete Deterioration Mechanisms (A)

• Concrete Deterioration Mechanisms (B)

• Corrosion of Reinforcement in Concrete (A)

• Corrosion of Reinforcement in Concrete (B)

•  Survey and Diagnosis of Concrete (A) – On-site Measurements

•  Survey and Diagnosis of Concrete (B) – Laboratory Measuremnets

•  Repair and Protection of Reinforced Concrete (A) – Mechanical Methods

•  Repair and Protection of Reinforced Concrete (B) – Cathodic Protection

•  Repair and Protection of Reinforced Concrete (C) – Further Electrochemical Methods and 
Permanent Corrosion Monitoring

•  Preventative Measures for New Concrete

To obtain an (optional) ACA certificate in this course, the candidate must pass an exam,  
based on case studies provided.

Cost:
•  Members $1,170

•  Non Members $1,465
All course fees listed are GST inclusive.

Register now at 
www.corrosion.com.au

ACA/ACRA Corrosion & Protection 
of Concrete Structures & Buildings

TWO DAY COURSE

UPDATED



p.20  CORROSION & MATERIALS

 BRANCH AND YCG EVENTS

13 December 2017 - Coopers Inn, 
Melbourne

Is stainless steel grade 430 more cathodic 
than stainless steel grade 420? who 
wrote the one-hit-wonder “Kung Foo 
Fighting”? and “Can he eat it?” were 
just some of the many questions put to 
test the metal of the Victorian Branch at 
their annual Christmas Party on the 13th 
of December. Everyone had a ba(ube)ll 
of a time when about 35 people eagerly 
joined forces at Cooper’s Inn to show 
their trivia prowess!

There was a wide range of general 
knowledge, music, sport and a 

splattering of sciency questions, with 
special thanks to the South Australian 
branch for preparing a special 
corrosion-based round. As you would 
expect with such a brainy crowd, all 
participants did exceptionally well 
with the questions although they 
were certainly challenged! The same 
could be said from our host from 
Quizmeisters who did an excellent job 
running the night but was tested trying 
to explain the high temperature zinc 
potential reversal phenomenon!

However, in the end there could only 
be one victorious team with ‘Candy 
and the B Team’ taking home the 

anodes of success, a framed copy 
of ‘the real’ Faraday’s Law and also 
winning ‘lemon battery’ in a bonus 
round. Other prizes included ‘my first 
TRU’, the ‘almost won’ painting set 
and the ‘stirrer of encouragement’. 

Thanks to AMAC Corrosion and 
M.Brodribb for providing the prizes. 
Finally thanks to everyone that has 
come along to this and all our events 
this year, Merry Christmas, and we hope 
to see you next year.

Candice Blackney and Adrian Vinnell

Victorian Branch Xmas Function

AUSTRALASIA’S 
LEADING
CATHODIC 
PROTECTION 
SPECIALIST

Sydney I Melbourne I Brisbane I Perth
Townsville I Auckland I New Plymouth

Engineering • Field Services • Products

Our Experience Delivers Solutions

www.cceng.com.au
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PosiTector® Inspection
Unrivaled probe
interchangeability

Award Winning Compatibility! The PosiTector gauge body accepts ALL coating thickness
(6000/200), environmental (DPM), surface profile (SPG/RTR), salt contamination (SST), 
Shore hardness (SHD) and ultrasonic wall thickness (UTG) probes.

WiFi

Customized Inspection Kits...
Build your own kit from a selection of gauge
bodies and probes to suit your needs.

Coating 
Thickness

Surface 
Profile

Environmental
Conditions

Ultrasonic
Wall Thickness

DeFelsko Corporation l Ogdensburg, New York USA
Tel: +1-315-393-4450 l Email: techsale@defelsko.com
1-800-448-3835 l www.defelsko.com

Coating Thickness
n Ferrous  n Non-Ferrous  n Ultrasonic

Surface Profile
n Depth Micrometer  n Replica Tape Reader

Environmental Conditions
n Built-in  n Separate Magnetic Probe

Shore Hardness
n Shore A  n Shore D

Salt Contamination
n Bresle Method

Ultrasonic Wall Thickness
n Corrosion  n Multiple Echo Thru-Paint

Shore
Hardness

Salt
Contamination
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CONFERENCE REVIEW

PROUDLY PRESENTED BY:

MAJOR SPONSOR:Standard

Jotun blue

Black and white

Overview
The ACA and Newcastle Branch welcomed just under 
500 delegates, exhibitors, partners and visitors to the city of 
Sydney for Corrosion & Prevention 2017 (C&P2017). The annual 
conference is established as the Australasian corrosion industry’s 
premier technical event and 2017 was no exception. Held over 
three days at the International Convention Centre (ICC) in 
Sydney, C&P2017 covered a range of technical topics including 
a cutting-edge blend of the latest research and industry practice 
presentations including 6 Plenary lectures, 6 technical forums 
and over 90 individual paper presentations.

As always, the social element of the conference was much 
enjoyed by delegates. The Sunday evening First Timer Delegates 
Function sponsored by the Galvanizers Association of Australia 
held at Doltone House – Jones Bay Wharf, was very well 
attended and gave first time delegates the opportunity meet 
ACA Office Bearers and to be briefed about the conference 
format and the benefits of networking and collaborating with 
peers at the conference. The Welcome Function sponsored 
by Dulux Protective Coatings was also held on the Sunday 
evening at Doltone House and was a wonderful night enjoyed 
by all with outstanding surrounds and cuisine. Monday’s Young 
Corrosion Group event at The Watershed Hotel sponsored by 
the Galvanizers Association of Australia was also well received. 
On Tuesday evening the ACA Annual Awards Dinner sponsored 
by Denso Australia was held at ICC in the Grand Ballroom 
with live music by Lady Red Entertainment. Finally the Farewell 
Function on Wednesday at ICC sponsored by AIWC closed the 
conference and friends old and new said farewell to each other. 

Plenary Speakers
The conference was officially opened on Monday morning 
by President Matt Dafter who commenced with an 
Acknowledgement of Country, welcomed all delegates, sponsors, 
exhibitors and speakers to the conference. Other welcome 
messages came from Conference Convenor Simon Krismer 
and conference Technical Committee Chair, Bruce Hinton. 
The traditional Ed Potter Corrosion Clock (kindly renovated 
by Monash University courtesy of Nick Birbilis) powered by a 
galvanic corrosion cell, was officially started by David Young. 
The clock is used to keep time at every ACA conference.

After the official opening, proceedings commenced with plenary 
lecturer Dr. Brian Skerry, Global Director – Corrosion Programs 
from The Sherwin-Williams Company in the USA, speaking 
on ‘Corrosion Prevention Coatings – From Noah’s Ark to 
Nanotechnology’. This was followed by Miles Buckhurst, Global 
Concept Director, Jotun Norway presenting ‘The Advantages of 
Heat Resistant Composites’. On Tuesday morning delegates were 
treated to the annual P F Thompson Lecture delivered this year 
by Professor Maria Forsyth, Australian Laureate Fellow Chair, 
Electromaterials and Corrosion Sciences, Deakin University, 
Australia. Maria upheld the tradition of the PFT lecture, started by 
Dr Edmund Potter in 1970, by providing an interesting discussion 
and demonstration on ‘Controlling Corrosion with Chemistry’. 
The PFT lecture is recognised as the highlight of the technical 
program each year. This year the ACA were delighted to have in 
attendance at the P F Thompson lecture, David Thompson son 
of the late P F Thompson who attended the lecture with his son 
Stephen and daughter in law Cathy Thompson.

Matt Dafter, ACA President 2017. Simon Krismer, C&P2017 Conference Convenor. Bruce Hinton, C&P2017 Technical Chair.
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After completion of the PFT lecture, Professor Peter Robery, 
Director Robery Forensic Engineering Ltd from the United 
Kingdom spoke about ‘Effective Corrosion Management of 
Reinforced Concrete Assets’. 

Wednesday morning's Plenary Speakers commenced with 
Professor Nick Birbilis, Woodside Innovation Chair, and 
Head, Department of Materials, Science and Engineering, 
Monash University Australia who spoke on ‘Corrosion of 
Emerging Materials’. The final Plenary was delivered by 
Professor Jing-Li Luo, Department of Chemical and Materials 
Engineering, University of Alberta, Canada who presented on 
‘The Synergism of Electrochemical and Mechanical Factors in 
Materials Degradation’. 

The conference technical committee thanks all of the 
plenary lecturers, both local and international, for their 
outstanding presentations.

Forums & Technical Program
A feature of Corrosion & Prevention 2017 was the technical 
forums organised by the ACA Technical Groups. This year there 
was a major focus on outcomes. The Forums held included; 
Coatings, Applicators, Concrete, Cathodic Protection, Oil & Gas 
and Research. The discussions in these sessions were robust 
as usual and very worthwhile for the attendees. These forums 
are an ideal setting, for both formal and informal exchange of 
experiences, case studies, problems, ideas and solutions with 
experts in each field. 

The technical paper program was substantial as always 
and sessions were arranged to bring theory and practice 
together. Corrosion & Prevention 2017 saw the delivery of over 
90 individual papers in total in Sydney. Major areas such as 
corrosion mechanisms, materials, coatings, cathodic protection, 
asset management, pipelines and concrete structures were 
spread over the three days of the conference. 

Trade Exhibition
Corrosion & Prevention 2017 featured a large trade show with 
72 exhibition booths. Exhibitors included; materials suppliers, 
equipment vendors, specialist contractors and consultants. 
Delegates were able to browse the stands throughout the 
conference and take the opportunity to discuss products and 
services with the exhibitors. Exhibitors benefited from broad 
exposure to corrosion industry practitioners from around 
Australia, New Zealand and the world. In addition to C&P2017 
delegates attending the exhibition, over 210 exhibitor clients and 
members also attended the trade exhibition. 

Conclusion
On behalf of the ACA and the conference committee, thanks 
are extended to C&P2017’s Major Sponsor – Jotun, Supporting 
Sponsors - 3C Corrosion Control Company; Freyssinet 
Australia, Marine & Civil Maintenance and Russell Fraser Sales. 
Thanks as well go to our other sponsors; Denso (ACA Awards 
Dinner), Dulux Protective Coatings (Welcome Reception), 
Galvanizers Association of Australia (First Time Delegate & 
YCG Function Sponsor), AIWC (Farwell Function), Zinga 
(Coffee Cart), BlastOne (Water Bottles), 3C Corrosion Control 
Company (Wireless Internet) and Pacific Corrosion Consultants 
(App) and all the exhibitors for their support of the conference. 
Thanks also go to the plenary lecturers, speakers, session 
chairs and all delegates without whom the conference would not 
exist. A special mention must be made of the ACA Conference 
Organising and Technical committees and ACA staff for their 
outstanding work in organising a well-run conference.

In 2018 the conference will be held in Adelaide, South 
Australia. Corrosion & Prevention 2018 will be held from 
11-14 November at the Adelaide Convention Centre, Adelaide. 

For more information refer go to the ACA conference website  
conference.corrosion.com.au

PROUDLY PRESENTED BY:

Standard

Jotun blue

Black and white

MAJOR SPONSOR:

SUPPORTING SPONSORS:

MEDIA PARTNERS:

ACA AWARDS 
DINNER 

SPONSOR:

WIRELESS 
INTERNET 

SPONSOR:

WELCOME 
RECEPTION 
SPONSOR:

APP 
SPONSOR:

FIRST TIME DELEGATE 
& YCG FUNCTION 

SPONSOR:

FAREWELL 
FUNCTION 
SPONSOR:

COFFEE  
SPONSOR

WATER 
BOTTLE 

SPONSOR:

M E D I A  P A R T N E R

David Young.

Peter Robery.

Miles Buckhurst.

Nick Biribilis.

Maria Forsyth.

Jing-Li Luo.



p.24  CORROSION & MATERIALS

 CORROSION & PREVENTION 2017

PHOTOS



February 2018 www.corrosion.com.au  p.25

CORROSION & PREVENTION 2017 



PHOTOS

p.26  CORROSION & MATERIALS

 CORROSION & PREVENTION 2017



February 2018 www.corrosion.com.au  p.27

CORROSION & PREVENTION 2017 



PHOTOS

p.28  CORROSION & MATERIALS

 CORROSION & PREVENTION 2017



February 2018 www.corrosion.com.au  p.29

CORROSION & PREVENTION 2017 



 CORROSION & PREVENTION 2017

p.30  CORROSION & MATERIALS

PHOTOS



CORROSION & PREVENTION 2017 

February 2018 www.corrosion.com.au  p.31

Booth Numbers: 67 & 68
About ABSS

ABSS are industry 
leaders in the surface 
finishing sector throughout Australia. Their offices are located 
in Melbourne and Sydney with Distributors located all over 
Australia, Canada & USA.

ABSS are an Australian Manufacturer of quality Shot Peening 
Equipment, Shot Blast Machines, TurbineWheel Blasting 
Machines, Abrasive Sandblasting Cabinets,Sandblast Pots and 
Sand Blast Rooms. ABSS carry a large range of Sandblasting 
Abrasive Media including Steel Shot, Steel Grit, Glass Bead, 
Garnet, Ceramic, Plastic, Aluminium Oxide and Organic 
Blast Media.

ABSS also hold a large range of accessories including Sandblast 
Hoses, Sandblasting Nozzles, Operator Sandblast Helmets and 
Abrasive Media Feed Valves.

The winner of the 2017 Best Booth Award was presented 
to John Bellato, Managing Director of ABSS by Conference 
Convenor Simon Krismer at the C&P2017 Closing Ceremony 
held on Wednesday, 15 November 2017.

Contact Details:
Robert Casey
Email: rob@abss.net.au
Ph: (02) 9607 9953
Website: www.abss.net.au

BEST BOOTH AWARD

1961 Chevrolet Pickup Truck.

Simon Krismer presenting the award to John Bellato.

ABSS team on the winning stand.
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C&P 2017 AWARDS
Each year a series of ACA Awards are announced and presented 
to successful recipients during the Annual Awards Dinner at the 
annual ACA conference – Corrosion & Prevention.

The ACA awards recognise papers of outstanding quality 
presented at a conference, seminar or symposium held under 
the auspices of the ACA, or published in the ACA’s publication 
Corrosion & Materials. These papers are judged by the ACA 
Awards Committee comprised of Les Boulton, Bruce Hinton, 
John Grapiglia and Rob Francis.

The ACA also recognises members for outstanding services to 
the Association through Life Membership and services to the 
industry through other prestigious awards.

Best Papers
In pursuit of attracting quality technical papers, the ACA annually 
awards three certificates of merit for papers either published in 
Corrosion & Materials or presented at the annual conference. 
The award will be made only where the standard of papers 
is of a level warranting recognition; one certificate is for the best 
review paper and the other is for the best research paper.

No AC Kennett Award was awarded at C&P2017.

Marshall Fordham Best Research 
Paper Award
‘A Study of Initiation and Active Reinforcement Corrosion in 
Conventional Reinforced Concrete’

R.E. Melchers, I.A. Chaves

David Whitby Best Review 
Paper Award 
‘Microbiologically Influenced Corrosion of Copper and its Alloys 
- A Review’ 

M.A. Javed, W.C. Neil, G. McAdam and S.A. Wade

ACA Student Research Award
Yun Xie from the University of New South Wales 

The ACA Student Research Award is presented to full time post 
graduate students in recognition for work on fundamental or 
applied research in any branch of corrosion during the course 
of a higher degree in Science, Engineering or related discipline.  
The award is judged upon significance of the work to the 
community, originality and soundness of the research.

Award accepted by Rob Melchers.

Award accepted by Scott Wade.

The ACA Student Research Award was presented to David Young 
on behalf of Yun Xie.



CORROSION & PREVENTION 2017 

February 2018 www.corrosion.com.au  p.37

Victor Nightingall Award 
The Victor Nightingall Award is in recognition of distinguished 
achievement in the development, manufacture or application 
of protective coatings or advancement of the protective 
coatings industry. 

Fred Salome

Life Membership Award
Life Membership is awarded for outstanding service to the ACA 
over an extended period either to a Branch or the Council and is 
awarded only as agreed by Council. At Corrosion & Prevention 
2017, one Life Membership was awarded.

Mohammad Ali

LIFE MEMBERSHIP for ICCOR 
Brian Martin received an Honorary Fellowship of the Institute of 
Corrosion (ICorr) in the United Kingdom. ICorr asked 
Bruce Ackland to make the presentation on their behalf.

Mohammad Ali receiving the ACA Life Membership Award. Full house at the ACA Awards Dinner.

Bruce Ackland presents the award to Brian Martin.

Fred Salome receiving the award.
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 C&P 2017 ACA FOUNDATION AWARDS

The ACA Foundation was delighted 
to award 4 scholarships to enable 
individuals to attend and participate 
in Corrosion & Prevention 2017. 
The scholarships target Post Graduate 
Students and individuals who have 
not previously attended a Corrosion 
& Prevention conference. Conference 
Attendance Scholarships were awarded 
to: Daniel Hew, Shamila Salek, 
Jim Hickey and Paul Larkin.

On behalf of the 2017 Scholarship 
recipients, the ACA Foundation would 
like to thank all of the Foundation 
Centurions and Donors. Without their 
generous and ongoing support, these 
scholarships would not be possible.

ACA Foundation — Conference 
Attendance Scholarship Recipients

TESTIMONIALS“ ”
FIRST TIMERS CONFERENCE ATTENDEE TESTIMONIAL 

I am very honoured and proud to have received the First Timers 
Scholarship this year, to attend the ACA 2017 conference in 
Sydney. It was a great event and I am very thankful to the 
ACA NSW Branch and the ACA Foundation for giving me this 
opportunity to be part of this wonderful conference. The ACA 
representatives were very encouraging and friendly, to the point 
I felt I had been to the ACA conferences many times before and 
felt like part of this great group. The quality of papers presented 
from both the industry and universities was quite high and at 
the same time easy to understand and follow for everyone (that 
shows the great job of the reviewers). The sessions were on 
time and most of the attendees did not leave the conference 
sessions until the last minute which was a big surprise to me 
and a good sign of the quality of the conference. 

I have attended many International conferences around the 
world and found this whole event very well-organised and 
one of the best conferences attended so far. It was not only a 

great informative three day conference, 
but also was an excuse to take a break 
in the evenings, drink and enjoy and 
most importantly, do networking with the 
people in this area. 
I met many new people from the industry 
and university who I got connected to. 
I would highly recommend it to all the 
people working, studying or interested in 
this area. 

Shamila Salek 
B.E, M.Sc, PhD | Senior Technical Officer, 
Advanced Materials Characterisation Facility (AMCF)
Office of the DVC (Research & Development)
Western Sydney University
0449 222 990
S.Salek@westernsydney.edu.au

Warren Green, Chair of the ACA Foundation Board.
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FIRST TIMERS CONFERENCE ATTENDEE TESTIMONIAL 
It was an honour to receive the First Timers Conference 
Attendance Scholarship to attend the 2017 ACA Conference 
in Sydney. The conference was a great way to learn about the 
latest in materials and corrosion research, and keep up to date 
with the latest in corrosion detection and mitigation technology. 
The plenary speakers in particular were a highlight, all of 
whom offered a variety of talks that were both engaging and 
informative. From these sessions, I was able to learn so much 
more about the challenges faced in corrosion mitigation across 
all sorts of industries!

In addition, the conference helped me broaden my network 
with industry and academic professionals, both within my field 
(Oil and Gas), and outside of the industry. It was great to be able 
to share industry knowledge and best practices with other like-
minded professionals.

Finally, the functions at the end of each 
day were lots of fun! They were a fantastic 
way to unwind, meet new people, and 
connect with old colleagues!

Please extend my thanks to the ACA 
Foundation and sponsors who made 
this scholarship possible. I will be sure 
to recommend future conferences to my 
colleagues.

Daniel Hew
Inspection Engineer
Shell QGC 
0404 155 959
daniel_hew@live.com.au

TESTIMONIALS“ ”
FIRST TIMERS CONFERENCE ATTENDEE TESTIMONIAL 

I’d like to sincerely thank the ACA Foundation and the ACA NSW 
Branch for the First Timers Conference Attendance Scholarship to 
attend C&P 2017. It is an excellent opportunity personally and for 
the organisations that I’m involved with to interact with industry 
leaders and to share experiences in the various techniques 
used in managing the corrosion risks that we all face.

Attending the ACA conference 2017 held at the Sydney 
International Convention Centre was definitely a highlight 
for me this year.

I really enjoyed the technical presentations and look 
forward to reading the associated papers. They were very 
informative and relevant to my current positon as Electrolysis 
Engineering Officer at Ausgrid. I have been inspired to pass 
on our electrolysis learnings and experiences through future 
technical papers both from an Electrical Utility and the NSW 
Electrolysis Committee perspectives.

What was particularly beneficial was learning from the 
research fields during the plenary sessions in addition to the 
technical sessions. Hearing from researchers who are at the 
cutting edge of technology is truly an honour.  Having an 
appreciation for the advances and future direction of corrosion 
management provides a guiding light for our own paths in 
the way we approach and solve problems in the future.  Some 
current issues that we are wrestling with are: the tolerable 
stray traction interference limits for unprotected structures as 
well as the analysis of CP interference on similar structures 
that are also affected by stray traction interference. These 
issues are not well addressed in Australian and International 
Standards and after listening to the above mentioned 

industry leaders, we will be considering 
alternative future paths that may lead to 
better defining the interference criteria 
and improved interference analysis.

I also found interacting with the suppliers 
during the session breaks to be very 
beneficial. It’s good to build contacts and 
knowledge of current product capabilities 
with suppliers and discuss various means of addressing 
asset owner’s corrosion management requirements. I also 
gained assistance in addressing interrogation issues with 
particular pre-purchased test equipment, which up until now 
was causing field problems that was limiting the usefulness of 
the equipment. Meeting various suppliers also presented an 
opportunity to fast track investigations into appropriate corrosion 
control equipment that may be required for future work within 
Ausgrid’s network.

The facilities and functions were outstanding. The entire ACA 
conference format was very professionally planned and run and 
is a credit to the ACA and ACA Foundation.

I am very appreciative for this opportunity in attending the ACA 
Conference 2017 and look forward to encouraging Ausgrid and 
other Electrical Utilities to participate in future ACA conferences, 
technical sessions and related events.

Jim Hickey 
Engineering Officer | Network Test and Measurement | Ausgrid 
02 4951 0873 (Extn 50873) 
hickey@ausgrid.com.au
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TESTIMONIALS“ ”
FIRST TIMERS CONFERENCE ATTENDEE TESTIMONIAL 

I would like to extend my sincere thanks to the ACA Foundation 
and the Queensland Branch of the Australasian Corrosion 
Association for awarding me their C&P 2017 Conference 
Attendance Scholarship. 

The conference was an exciting break from work, somewhat 
redolent of my uni days, in that partying and ingesting 
large quantities of C2H6O on school nights appeared to be 
encouraged. One major detour from my uni experience was the 
catering; shout out to ICC Sydney, I haven’t eaten that well since 
I lived at home. 

As this was my first conference I approached the welcome 
function with some trepidation, fearing there may be a sort of 
initiation ritual that could result in those failing to make muster 
being selected for a hot dipping by the Galvanizers Association. 
Thankfully, I was spared this fate. Instead I managed to make a 
bunch of new mates, who all seemed to be my ex-colleagues-
ex-workmate-three-times-removed (or something like that), 
which was great! How many other people get to work in such a 
tight-knit community?

Thanks to all who presented. The presentations were engaging, 
and enlightening; although I have to admit they mostly 
enlightened me to how much I don’t know! The affirmation of 

my novice status was not unwelcome, or 
discouraging, rather empowering. The 
conference provided me with a great 
chance for some compressed learning, 
but more importantly, it gave me the 
tools for seeking enlightenment after 
the conference was over, by putting me 
in touch with the experts who have the 
answers (and who will hopefully be 
willing to tutor me free of charge). I’d also like to extend a special 
thanks to the presentation that taught me Hexavalent Chromium 
is a real thing, and not just something the scriptwriters of 
Erin Brockovich dreamed up as sounding sufficiently evil. 

I look forward to catching up with all the conference attendees 
in the future, and hopefully working with a few of them too. 
Drawing inspiration from the words of our fearless President, 
Hervey Den-, I mean, Huw Dent, the “enthusiasm of youth” 
for learning should keep me excited about the industry, and 
coming back to the conferences under my own steam, for some 
years to come.

Paul Larkin 
Materials Engineer 
SMEC Australia

Alan Bird presents the award to Shamila Salek.

Warren Green presents the award to Daniel Hew.

Alan Bird presents the award to Jim Hickey.

Nick Doblo presents the award to Paul Larkin.
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PARTNERS PROGRAM
Partners Program 2017
We joined the delegates for the Welcome Function at Doltone 
House, and renewed old friendships and met new friends.

The partners came from Australia, New Zealand, USA, Canada 
and Switzerland, and for some it was their first visit to Sydney.

The partners had three great days of sightseeing around Sydney.

On Monday we boarded a coach and took a lovely scenic drive 
to the Blue Mountains. A couple of great lookouts were visited 
including Evans lookout at Blackheath, and the Three Sisters.

A scrumptious lunch at the Boiler House Restaurant was enjoyed 
whilst appreciating the view.

The partners then joined the delegates at the Convention Centre 
for the trade exhibition.

Tuesday found us exploring another of Sydney’s iconic 
landmarks, the Opera House, where we took a guided tour and 
were fortunate enough to be able to see part of a rehearsal of 
the Sydney Symphony Orchestra with an outstanding guest 
conductor Vladimir Ashkenazy.

The ACA awards Dinner on Tuesday night was a great event in 
the Grand Ballroom of the ICC.

Wednesday we spent on the beautiful Sydney Harbour with a 
long lunch cruise. We enjoyed seeing Sydney from a different 
perspective, looking at the land from the water, going under the 
harbour bridge and seeing the Opera House from the water.

We then got together at the Farewell Function and said our 
goodbyes for another year.

Glenda Freedman
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SHOWCASE
The ACA does not officially endorse any of the products advertised in Corrosion & Materials.

Advertise your new products here, for more info 
contact Tracey Winn@twinn@corrosion.com.au 

EQUOTIP became the industry 
standard in portable hardness testing 
when it was introduced in 1975. 
Still proudly Swiss-made, Proceq’s 
flagship product the Equotip 550 is a 
complete all-in-one hardness testing 
solution which combines Leeb with 
portable Rockwell and now UCI 
(Ultrasonic Contact Impedance) 
methods. The Equotip 550 outshines 
the competition with its full colour, 
dual processor touchscreen unit jam-
packed with features. The Equotip 
550 also has enhanced software 
with interactive wizards, automatic 
verification processes, personalized 
options, custom report functions and 
much more. 

With its combination of Leeb and 
portable Rockwell methods, the 
Equotip 550 is ideal for a broad 

range of applications including 
but not limited to Oil & Gas, 
Automotive, Aerospace and Steel 
Working. Nevertheless, for some 
single probe users the fully-featured 
Equotip 550 sits outside of their 
budget and comes with more 
software elements than are needed 
for basic regular hardness testing. 

Presenting the Equotip 540 portable 
hardness tester which sees Proceq 
reaching out to the cost-conscious 
single probe user who doesn’t 
require extensive reporting or extra 
accessories (no test block, surface 
roughness comparator plate and 
coupling paste). Equotip 540 is 
designed for a single probe, Leeb D 
for on-site testing of heavy, large 
or installed parts or in UCI HV1-10 
format for fine-grained materials with 

any shape and heat-treated surfaces. 
However, it is important to note that 
probes are not interchangeable, and 
the operator must assign the impact 
direction prior to testing. Happily, 
the Equotip 540 can be upgraded 
at a later time to the Equotip 550 if 
requirements change. 

Both the Equotip 550 and Equotip 
540 are designed for rugged 
environments and are rated IP54 
with special protection for hardware 
connections (probe connector, USB 
Host, USB Device and Ethernet). 
Russell Fraser Sales has produced 
a useful guide [infographic] which 
serves as a flowchart for hardness 
testing applications and may assist 
users in determining whether they 
need the Equotip 550 or if the 
Equotip 540 is adequate. Both 
the cost-effective Equotip 540 
and the fully-featured Equotip 
550 portable hardness testers are 
available from Russell Fraser Sales 
in Sydney. Contact the team today 
for assistance in determining 
which of these instruments is most 
suitable for your application as 
importantly whilst their Swiss-made 
hardware is similar in design and 
quality, these instruments are not 
identical in functionality and are 
not interchangeable. Get the 
correct technical advice from 
Russell Fraser Sales.

For more information contact 
Russell Fraser Sales today:
T: +612 9545 4433 
F: +612 9545 4218
E: rfs@rfsales.com.au 
Web: www.rfsales.com.au

New Cost-effective Equotip Portable Hardness Tester
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Olympus is pleased to announce 
the launch of the L Series Vanta 
handheld XRF analyser. This latest 
addition to the M series and C Series 
analysers, delivers a fast return 
on investment in alloy, precious 
metal, geochemical and scrap metal 
applications.

Delivering all the of the features 
that have made Vanta analysers so 
popular, the L Series analysers are 
built for maximum uptime and 
reliability. More specifically, rugged 
features include:

  IP65 rated for protection against 
dust and water

  Drop tested (MIL-STD 810G), 
reducing the risk of damage when a 
device is dropped or jostled

  Built to withstand a temperature 
range of -10°C to 50°C 

“The Vanta L Series has a low cost 
entry point and thanks to the 
ruggedness of the analyser, the 
ongoing ownership costs are low. 
Built to suit the harsh Australian 
climate and to reduce downtime, 
each Vanta now comes with a 
three year extended warranty,” said 
Jake Jarvinen, product manager, 
Olympus.

“The L Series also features Wi-Fi 
connectivity, making it easy to 
communicate with the instrument 
through your computer. It also offers 
a cloud solution where customers 
can upload data to the cloud that 
can be viewed in real time for fast 
decision making and easily accessible 
results,” he explained. 

With advanced technology and 
connectivity features, the analysers 
incorporate Olympus’ Axon 
technology, a breakthrough in XRF 
signal processing for stable results in 
any environment. 

The Vanta L Series also features 
fleet management tools and a 
customisable user interface to help 
minimise operator training, as 
well as an intuitive interface and a 
responsive touch screen. 

The Olympus L Series Vanta 
analysers deliver the durability, 
power and ease of use Vanta 
analysers are known for, in a cost 
effective model.

For further information, please visit: 
www.olympus.com.au

L Series Vanta handheld XRF analyser

NEW PRODUCTS SHOWCASE   
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Wise men say that the collective 
attitude within a family can represent 
the attitude of a nation. The ACA is 
one family that excels at its positive 
and rewarding attitude towards its 
members and hence why I feel proud 
of being part of the Association. It is 
an absolute honour and privilege to 
have been awarded the Australasian 
Corrosion Association Foundation 
(ACAF) Brian Cherry International 
Travel Scholarship and I hope that this 
report will make all ACA Foundation 
donors proud of their generosity.

By attending a total of four events, 
each detailed in subsequent sections, 
the award fostered potential 
international collaborative research 
and development projects, bridged 
gaps between Academia and Industry, 
kept me up-to-date with world class 
corrosion science and control, as well 
as allowed my work to be published 
and exposed to the wider European 
Scientific Community. Moreover, the 
award strengthened organisational 
partnerships between the ACA and 
various European corrosion Research 
Centres, Institutes and Universities 
which in turn will potentially create 
more opportunities for ACA members 
in the future.

1–8 Sep 2017 – Prague, Czech Republic

EUROCORR 2017, The Annual 
congress of the European Federation 
of Corrosion (EFC) was held in Prague, 

Czech Republic, in partnership with 
the 20th International Corrosion 
Congress (ICC) and Process Safety 
Congress 2017.

With the headline “Corrosion control 
for safer living”, the Congress covered 
practically all aspects of corrosion 
science, engineering and material 
protection. There were 14 sessions 

running in parallel for four days. 
Session topics included organic, 
metallic and inorganic coatings and 
pre-treatments; corrosion mechanisms; 
modelling and monitoring; corrosion 
and scale inhibition; environment 
sensitive fracture; corrosion in 
oil & gas and refinery industries; 
tribocorrosion; nuclear, marine, 
atmospheric, aerospace and automotive 
corrosion; corrosion of biomaterials 
and electronic devices; corrosion 
of steel in concrete; microbial 
corrosion; corrosion and drinking 
water supply; cathodic protection and 
cultural heritage protection; as well 
as microscopy; accelerated corrosion 
testing; impact of hydrogen charging. 
In total, close to 800 talks were 
delivered, over 50 major sponsors and 
partners exhibited their technology 
and over 250 posters displayed during 
the congress.

Although one advantage of being 
a member of the ACA is to have 
electronic access to both NACE and 
EUROCORR proceedings through 
the ACA website, unlike the ACA 
annual conference, the EUROCORR 
is technically a non-peer reviewed 
conference and therefore not all 
presentation manuscripts are available. 
Yet, the overall quality of presentations 
and high attention to detail on behalf 
of the organising committee was very 
impressive. The next few subsections 
summarise some highlights of each day 
of congress.

ACAF International 
Travel Scholarship 
Report by Dr Igor Chaves

Fig 1. The half corroded, half protected 
trophy is a symbol displayed during the 
course of the EUROCORR and is housed 
each year by the respective congress 
organising committee.
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1st Day of Congress
Apart from some logistical differences, 
EUROCORR’s overall format is very 
similar to the ACA C&P conference. 
After a warm and well catered Welcome 
Function held the night before, the 
Opening Ceremony was well attended 
with over 1000 participants. The 
morning was hosted by Tomas Prosek 
(President of the 2017 Congress & 
Organising Committee), Damien Feron 
(President of the European Federation 
of Corrosion), Carlos Arroyave 
(President of the International 
Corrosion Council) and Shakeel 
H. Kadri (President of the Centre for 
Chemical Process Safety).

The opening ceremony also included 
an announcement of two very 
prestigious awards recipients who 
then presented 30 minute talks on 
their work.

European Corrosion Medal award 
winner Professor Mario G.S. Ferreira, 
from the Aveiro Institute of Materials 
at the University of Aveiro in Portugal, 
detailed his work on immobilisation 
of active molecules in nanostructures 
materials for multifunctional coatings; 
more specifically, the development 
of nanomaterial coating elements for 
aluminium alloys in order to prevent 
internal galvanic corrosion with 
non-metallic inclusions. The key to 
the product success was being able 
to create a substrate/primer without 
hazardous chromium based products 
which are very toxic in the hexavalent 
state. Moreover, the inhibitor substrate 
is only released on demand, increasing 

the longevity of the product and 
protection of the structure, serving 
both to inhibit aggressive ions as well 
as ensure pH buffering capacity.

The Marcel Pourbaix Award recipient 
and lecturer was Christofer Leygraf 
from the KTH Royal Institute of 
Technology in Sweden. The talk, 
focused on atmospheric corrosion, 
comprised of a review of both old 
and new methods such as traditional 
exposure racks or exposure chambers 
with high control of environmental 
conditions. This work lead to the 
development of improved molecular 
based techniques in order to obtain 
more realistic real world data that 
is then used to calibrate accelerated 
results. The particular methodology 
comprises of a quartz crystal at the 
molecular interface of the experiment 
in order to inhibit formation of organic 
acids, which in turn are quantified 
by sum frequency generation. This 
technique allows for a more accurate 
mass sensitivity in order to ascertain 
cumulative atmospheric material 
degradation over time.

Following a 30 minute coffee break, 
unfortunately with no barista made 
ZINGA coffee like the ACA, I attended 
talks in both the Marine Corrosion 
as well as the Corrosion in Oil & Gas 
Production streams.

Philippe Refait from The University 
of La Rochelle, and current chair of 
the EFC cathodic protection working 
party, delivered an experimental based 
talk on electrochemical corrosion of 

low alloy steel in stagnant artificial 
or stirred natural seawater, focusing 
on observing the role of aluminium 
and chromium in particular. Arcelor-
Mittal mild steel was used as it is 
a common material of choice for 
pipeline applications. Important to 
note that, although mild steel, low 
levels of chromium and aluminium 
are sometimes added for corrosion 
resistance. The results noted that 
the mill scale did not contribute to 
corrosion potential resistance. Rather, 
chromium oxide passivated the mild 
steel underneath the mill scale. It is not 
known if it is a self-healing chromium. 
Philippe also noted that further tests 
are required for long-term validation of 
the conclusions as results are only for 
200 days of exposure.

Another highlight of the morning 
was a talk on the assessment 
of the combined oxygen and 
microbiologically induced corrosion 
(MIC) rate at weld defects on a carbon 
steel backing pipe with a cathodic alloy 
cladding delivered by Jerre Halma from 
Shell Assen Netherlands. This talk was 
actually quite similar to Philippe’s as in 
Jerre’s research as an ASTM G250 alloy, 
galvanic against the base metal ASTM 
A694 F60, was used for cladding with 
the intent of giving the pipe corrosion 
protection. More specifically, if any 
defects were to occur on V notch deep 
welds of such combination of alloys, 
could a combination of oxygen and 
MIC exacerbate corrosion at the weld 
areas? Artificially simulated tests, with 
normal operational conditions in 
mind, were performed for 2, 6, 12 and 
24 months whilst forcing a constant 
pH for the duration of the test. The 
results were somewhat controversial 
as they went against the current 
literature with a 2 mm average loss 
was measured for both 12 month 
and 24 month exposures with SRB 
pointed as the main culprit. Two and 
six month results had too much scatter 
and were deemed inconclusive. It was 
also noted that no preferential attack 
took place. This again contradicts 
current literature. In fact, results 
indicated that corrosion loss ‘levelled’ 
after 12months. The audience 
strongly encouraged further field trial 
parametric research.

Lunch was served at the exhibition 
area with great enthusiasm. Delegates 
were actively interacting with the 
exhibitors’ state of the art technology 
and services. Noticeably, many major 
centres for corrosion testing and 
evaluation, such as 

Fig 2. Opening Ceremony held at the Prague International Convention Centre with Master of 
Ceremony Tomas Prosek, President of the 2017 Congress & Organising Committee.
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the Belgian Centre for Corrosion Study 
and the Italian Centre of Corrosion 
Evaluation, made their presence felt 
at the conference. Moreover, given 
the combined EFC, ICC and chemical 
process safety nature of the congress, 
major instrument companies such as 
SANDVIK, Olympus, Biologic, Leica, 
were also showcasing very impressive 
microscopic metrology systems.

Prior to the evening’s opening of 
exhibition function, the afternoon 
of my first day of congress was pre-
emptively reserved to meet the hosts 
of my subsequent visits to the various 
centres and institutions in France. 
Timeline of activities, when and who 
would be attending my seminar to be 
delivered at each destination as well as 
reserving a time with key personnel to 
discuss potential collaborative research 
and development projects and to 
strengthen organisational partnerships 
between the ACA and the various 
European counterparts.

September was the beginning of 
autumn in Prague and so dusk would 
occur at approx. 7pm. As such, I also 
had a chance to explore the beautiful 
old town square, the famous Charles 
Bridge as well as visit the breathtaking 
Prague Castle. As a structural engineer 
I could not help but marvel at the fact 
that the Charles Stone Bridge built by 
Mason Engineer and Architect Peter 
Parler is 860 years old, 620 metres long, 
almost 10 metres wide and, each of the 
16 stone arches span for 13.5 metres 
without the aid of an ‘arc key stone’. 
The bridge still to this day holds the 
title of longest spanning unreinforced 
stone arch bridge in the world. 

2nd Day of Congress
The second day of congress started 
with a plenary presentation from a 
fellow Australian, Professor Ivan Cole 
from RMIT University Department 
of Enabling Capability Platforms 
located in Melbourne. The talk 
focused on virtual design, robotic 
discovery and high through put 
studies of atmospheric corrosion, or 
autogenous research on inhibitors for 
atmospheric corrosion prevention. 
As part of his methodology Ivan 
presented experimentally validated 
data compared against computer 
modelled salt spray results of an 
inhibited aluminium alloy. Autogenous 
nano-drops were imbedded into 
inhibitor capsules, and built on an 
autogenous system to detect when it 
is able to measure the breakdown of 
the encapsulated inhibitor in order 
to ‘control’ the aggressive ion species 
and prevent corrosion in atmospheric 
conditions. He concluded by 
summarising that molecular design can 
contain molecular aggressive species 
in several scales, and as such, act as 
like a vehicle of molecular stimulation. 
Topics of further research include 
how to integrate nano-scale sensing 
into robotic systems for more efficient 
control and monitoring.

As I was scheduled to deliver my 
first talk after the coffee break in the 
Marine Corrosion stream, I decided 
to introduce myself early to the 
session Chairs U. Kivisakk and P. 
Shiladitya and listen to the first three 
presentations delivered by Ying Li 
from the Institute of Metal Research in 
China, Toru Yamaji from the Port and 
Airport Research Institute in Yokosuka 

Japan, and Saman Hosseinpour from 
the Max Planck Institute of Polymer 
Research in Mainz Germany. Quite 
frankly the talks were unfortunately 
convoluted and delivered with an 
uncomfortable level of English. One 
interesting point though, made by 
Mr. Yamaji, was that after testing 
several corrosion protection methods 
on port structures in Japan, such 
as painting, polyurethane, organic 
coatings, inhibitors and concrete cover, 
it was mentioned that even after years 
of tidal exposure, the reinforcement 
within the concrete had no signs 
of corrosion whilst showing very 
high levels of chlorinated concrete. 
This observation actually reinforces 
our recent publications on concrete 
reinforcement corrosion, which was 
also presented at the EUROCORR by 
Prof Rob Melchers. More details are 
given in subsequent paragraphs.

After the coffee break I gave my first 
presentation on the short and long-
term effect of HAZ microstructure on 
the marine corrosion of low-carbon 
steel weldments. It is well known that 
the weldment region exhibits less 
corrosion resistance than the parent 
material. However, discussions remain 
about the specific mechanics causing 
the phenomenon. In order to better 
understand the dominant factors that 
drive the preferential corrosion effect 
Simon Krismer and I investigated 
the effect on corrosion rates of the 
microstructural variations in mild 
steel welds inherently produced in 
the Heat Affected Zone (HAZ) by 
simulating the various regions in the 
HAZ (Figure 5) and independently 
assessing their corrosion rates when 

Fig 3. Exhibition Area at the Prague International Convention 
Centre with major sponsors SANDVIK, CEBELCOR, CEZ GROUP, 
NPJ and LEICA microsystems.

Fig 4. Charles Bridge and Prague Castle at dusk, 
Prague-Czech Republic.
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immersed in natural 20°C temperate 
marine waters (Figure 6). Samples from 
a normalized fine grained mild steel 
pipe (Figure 5 left) were heat treated to 
produce a coarse grain microstructure, 
a spheroidised microstructure, and a 
quenched and tempered microstructure 
(Figure 5 right). In general, the observed 
results (Figure 7 Left: fine grain damage; 
Figure 7 right: quench tempered 
damage) provide support for the notion 
that the microstructural changes 
induced within the HAZ of a weld do 
contribute to increased corrosion rates 
in this region. For detailed results please 
refer to the conference proceedings.

My first talk was followed by Valérie 
Debout, a colleague from NAVAL 
GROUP, who presented her studies 
on biofilm formation. The objective 
of the study was to better understand 
the role of biofilm in crevice 
corrosion phenomenon of A625. 
A multidisciplinary characterization 
was carried out in controlled conditions 
that lead to “active biofilms” and 
“non-active biofilms”. Bacteria diversity, 
phytoplankton diversity, chemical 
composition (lipids, carbohydrates, 
amino acids, hydrogen peroxide, 
mineral elements, metallic elements) 
and spatial organization was analysed. 
Almost 500 metallic specimens 
were conditioned and analysed. 
A multidisciplinary characterization has 
pointed out variations between “active 
biofilm" and “non-active biofilm”. 
Globally, results have highlighted the 
selection of a bacterial population which 
is correlated with the intensity of the 
cathodic current of A625. There was 
some scepticism from the audience as to 
the potential side effects of the electrical 
current used to stimulate such biofilm 
formation on the corrosion mechanism 
itself. Further results were promised to 
be presented at the next EUROCORR.

After another good networking 
opportunity during the one hour lunch 
break the practical outcomes of two 
talks caught my attention.

At the corrosion of steel in concrete 
session, Carla Driessen from RWTH 
at Aachen-Germany, presented a very 
innovative solution for concrete bridge 
decks. By extensively quantifying the 
mobility of chloride ions at different 
potential gradients using preventive 
cathodic protection, she developed 
what they call a ‘smart’ deck element, 
located between the bitumen layer 
and the structural deck, which uses 
polarisation to lower the chloride 
ions concentration in case they reach 
the reinforced concrete bridge deck 
below, preventing the steel from being 
corroded. The chloride diffusion was 
measured with electro-couples linked 
to a conductive mesh system. A 
total of 96 samples were tested and a 
voltage of 2V was apparently ideal to 
produce best results, or in other words, 
ideal for attracting chloride ions into 
the upper mesh and protecting the 
structural concrete deck.

Prof Rob Melchers then presented 
our archaeological observations on 
long-term durability of reinforcement 
in class A and class B concretes in a 
Pacific Ocean marine environment. 
In the study, actual field performance 
of 293 Class B reinforced concrete 
headstocks supporting 879 Class A 
reinforced concrete piles exposed for 
more than 80 years were investigated. 
Results showed that the Class B 
concretes exhibited signs indicating 
active reinforcement corrosion after 
50 years of service but the Class A 
concretes exhibited few signs of active 
reinforcement corrosion. With records 
and historical information showing 
that the only significant difference 
between the concretes is that the Class 
A concretes were made with higher 
cement contents than the Class B 
concretes the findings are consistent 
with recent laboratory observations 
that clearly indicate the importance 
of adequate alkalinity (pH buffering 
capacity) reserves to ensure durable 
reinforcement in concrete structures.

3rd Day of Congress
Very interesting that the EUROCORR 
organising committee planned 
major award announcements at the 
beginning of each day of congress. If 
not deliberate, it did indeed manage to 
attract a large number of delegates to 
hear the plenary speakers. On the third 
day of congress winners of the Young 
Scientist Grant, which provides 
financial support 

Fig 5. Examples of core longitudinal 
microstructure of heat treated samples 
emulating a typical weld HAZ.

Fig 6. Average % Mass loss over time for each triplicate set of the heat treated samples.

Fig 7. Examples of change in corrosion 
pit morphology between different 
microstructures.
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for young corrosion professional 
international collaborations were 
announced. Ms. Anissa Célina 
Bouali (University of Kiel, Germany) 
will visit Dr. Alexander Lutz (Vrije 
Universiteit Brussel, Belgium), in the 
frame of her studies “Smart coating 
optimization and enhancement of 
their components compatibility"; 
Ir. Berk Özdirik (Vrije Universiteit 
Brussel, Belgium) will visit Dr. Patrik 
Schmutz (EMPA, Switzerland), in the 
frame of his studies "Assessment of 
electrochemical H-sorption properties 
in steel by micro-cell technique”; 
and Mr. Hongchang Qian (University 
of Science and Technology Beijing, 
China) will visit Dr. Yaiza Gonzalez-
Garcia (Delft University of Technology, 
The Netherlands), in the frame of his 
studies “Shape memory polymer (SMP)-
based self-healing coatings”.

Shifting to a much more technical 
presentation, the Plenary Lecturer 
Tetsuo Shoji from Tohoku University’s 
Frontier Research Initiative presented 
on the atomic scale simulation of 
stress corrosion cracking and causality. 
An electrochemical micro modelling 
of macro stress corrosion cracking 
was described specifically for energy 
generators where high temperature 
can be detrimental to stainless steel 
alloys. He also used structural reliability 
and probabilistic analysis to quantify 
risk of failure to crack detection. Very 
importantly, he noted that one must not 
be so quick to draw conclusions solely 
on numerical analysis alone as some 
cracks which lead to premature failure 
were not actually detected numerically. 
The technique obviously needs some 
improvement, yet, the obtained results 

frame the importance of deformation 
due to oxidation transportation 
coefficients, which in turn were shown 
to be vital in most cases for the fracture 
mechanics modelled.

The morning MIC session had a very 
interesting case study presented on 
microbiologically induced corrosion 
issues identified at deep bedrock 
environment several hundred metres 
below the surface. In particular, at three 
large EN 1.4301 stainless steel silos used 
to store waste material from nuclear 
plants. As microorganisms are readily 
present in the soil and can jeopardise 
the security of the containment a 
range of tests was conducted in order 
to quantify the potential damage to 
the silos. How samples were taken 
at such depths, and moreover, how 
representative they can be was indeed a 
fascinating aspect of this talk. Scanning 
electron images and diffraction spectra 
results pointed at microbiologically 
induced corrosion products, however, 
the specific species of bacteria causing 
the problem is still unclear. One would 
expect to be of the anaerobic family 
as oxygen concentrations at bedrock 
is extremely low to non-existent, but 
as pointed out by the audience, how 
can they be sure the sample bacteria 
collected was actually at the bedrock 
instead of being picked up by the 
sampling apparatus on its way back to 
the surface. Further clarification was 
promised for the next congress.

After the coffee break I decided to 
attend a session that we don’t normally 
have at the ACA C&P – Corrosion of 
Archaeological and Historical Artefacts. 
Because of the diverse background and 

different professional experience of 
the speakers it was very inspiring to 
listen to corrosion prevention from a 
different perspective.

Ortiz Janette from the faculty of 
Chemistry of Campeche University in 
Mexico showcased his technique on 
how to optimally measure efficiency 
of electrochemical tests in order 
to clean and preserve aluminium 
artefacts. The methodology consists 
of actually analysed noise generated 
in the polarisation curves when 
measuring relative humidity. With 
an overall objective of preventing 
atmospheric corrosion tarnishing of 
aluminium artefacts, the data (noise) 
plotted on a vector scale (2D) graph is 
analysed by potential symmetry in the 
vector matrix obtained and it is then 
possible to probabilistically determine 
the chances of an artefact tarnishing 
prematurely due to sudden change 
in environmental conditions, which 
in turn can greatly assist in planning 
change overs between an item being 
on display or removed for preservation.

Eva Svobodova from the National 
Technical Museum in Prague then 
presented the outcomes of her 
consulting services to the Egypt 
Ministry of Scientific Research for the 
preservation of historical artefacts. The 
challenge was that several important 
silver artefacts held by the Egyptian 
Government are, due to limited 
expertise and financial support, 
stored in the non-environmentally 
controlled basement of the Egyptian 
National Museum. Due to excess 
heat and sudden variation in relative 
humidity silver artefacts would suffer 
atmospheric corrosion and tarnish. Eva 
and her team then developed a low 
cost instrumentation and data logging 
device sensitive enough to record such 
changes in temperature and relative 
humidity and instantly alert the 
curator if an item is corroding.

The evening of the third day of 
congress closed with a spectacular 
Congress Gala Dinner at the luxurious 
Zofin Palace located on the Slavonic 
island on the Vltava River in Prague. 
Although some umbrage might have 
been taken by the fact that there were 
not enough tables for every single 
ticket holder, I personally felt that the 
‘a great night-out’ was very successful. 
Logistically, two separate concerts 
were organised. On the second floor 
the Halvelka Sisters and Orquestra 
walked the audience through the 
1930’s period between the wars filled 
with inspirational romantic ideals 
and dreams. On the first floor the 

Fig 8. Dr. Yaiza Gonzalez-Garcia from Delft University of Technology announcing the Young 
Scientist Grant winners as part of her capacity of Young EFC Board Chair.
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Brouci Band – The Beatles Revival 
demonstrated why they are the most 
awarded and sought after Revival band 
of all Europe.

4th Day of Congress
With a later start to the day, a very 
interesting detailed statistical analysis 
on delegate participation was presented 
as part of the Farewell Presentation by 
the organising committee. It showed 
that aerospace session received most 
of the delegate participation during 
the first 2 days of congress whilst the 
corrosion in the automotive industry 
managed to attract a significant 
number of attendees during the third 
and fourth day of congress. However, 
sessions related to coatings were 
by far the most attended with over 

1,000 delegate participation over the 
course of the four days of congress.

Following the Farewell presentation, the 
final Plenary Lecturer, John R. Scully 
from the Centre for Electrochemical 
Science and Engineering of the 
University of Virginia in the United 
States, presented his view on the 
needs, gaps and opportunities for 
better design of corrosion resistant 
materials. In his presentation John 
showcased the development of ‘glass’ 
forming elements into metals such as 
stainless steel and titanium in order to 
increase the molybdenum and nickel 
content to significantly increase the 
corrosion resistance of such new alloys. 
Interestingly, yet not surprising, that his 
greatest challenge was to add multiple 

1st phase elements to the same alloy 
without potential internal galvanic 
complications. A working prototype 
alloy is available and now being tested 
for corrosion performance in a variety 
of simulated conditions. One of his 
main conclusions was that there is a 
priority to certain normalising elements. 
Moreover, distance between grains and 
manganese sulphide inclusions (i.e. 
non-metallic inclusions) can, in the 
case of this new alloy, lead to significant 
localised corrosion/pitting damage.

After the coffee break I was scheduled 
to deliver my second and last talk 
during the Corrosion of Polymers 
and Advanced Materials session. 
Lightweight composite materials such 
as syntactic perlite aluminium foams 
have been gaining much attention 
from the automotive, aerospace and 
nautical industries due to their superior 
mechanical and energy absorbing 
properties. Yet, there is still no 
empirical evidence of its mechanical 
performance under extreme corrosive 
marine environments. Hence, the 
study reported on a twelve-month 
corrosion field trials of such composite 
foam immersed in natural temperate 
marine waters off the southeast 
coast of Australia as well as exposed 
to natural fresh water corrosion as 
aluminium alloys tend to corrosion 
faster in chlorinated waters. Unloading 
Young’s modulus, 1% offset yield 
stress as well as plateau stress after 
exposure fall within the scatter of 
previously reported unexposed foam 
samples indicating no short-term loss 
of mechanical performance for natural 
exposure conditions. For reasons 
and implications, please refer to the 
conference proceedings.

9–13 Sep 2017 – Cherbourg, France

NAVAL Group is a French, 
internationally recognised, high-
tech company and one of the few 
global leaders in defence naval 
systems whose skills cover the 
whole of the production chain for 
complex programmes. NAVAL group 
uses its extraordinary expertise 
and unique industrial resources to 
meet its customers’ requirements. 
More specifically, the group designs, 
produces and supports submarines and 
surface ships. In addition, the group 
provides services for naval shipyards 
and bases whilst offering a wide range 
of marine renewable energy solutions.

Fig 10. Presentation of the joint EUROCORR/ICC/PSC session attendance statistics by the 
organising committee.

Fig 9. Zofin Palace Congress Gala Dinner 2nd floor concert, The Havelka Sisters and Orquestra.
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With reported revenues of €€3.2 billion 
and with a workforce of over 12,780 
employees (data from 2016 a 
www.naval-group.com) NAVAL 
group is present in 18 countries such 
as Brazil, Canada, Ireland, Saudi 
Arabia, Singapore and Australia. 
With a responsible and sustainable 
international growth policy, it also 
generates thousands of indirect jobs to 
its associated partners. Spread across 10 
sites in France the group is a driver for 
the French Defence industry, in terms 
of both employment and R&D due to 
its partnerships with SME’s, research 
laboratories and universities.

During my visit, I was hosted by Prof 
Anne-Marie Groleau who currently 
heads the NAVAL group marine 
corrosion laboratory located in 
Cherbourg, in the northern Normandy 
region of France. Material Scientist 
Professor Groleau has more than 
twenty years’ experience (research 
projects and applied studies on 
corrosion failure analysis) in marine 
corrosion and cathodic protection. She 
was also an official exchange scientist 
to the U.S. Naval Research Laboratory 
(NRL) at the Centre for Corrosion 
Science and Engineering Facility in 
Key West (Florida) in 2000-2001. The 
work performed led to joint France/
US publications in the field of crevice 
corrosion of nickel-based alloys, 
characterization and polarization 
properties of stainless steel alloys in 
seawater, seawater piping systems 
cleaning technology, performance of 
low voltage anodes and modelling of 

cathodic protection. Professor Grolleau 
is also certified Cathodic Protection 
Level 3 (CEFRACOR Certification – 
seawater sector) and convenor of CEN 
TC 219 WG3.

After two days presenting my expertise 
to Professor Groleau and her team 
with the intent to discussing the 
possibility of future collaborative 
research projects, I took the time to 
visit the Cite de La Mer (city of the 
sea), which is a scientific and historical 
museum in the cruise terminal of 
Cherbourg. Although built in 1933, 
in 2002 it established itself as one of 
the bigger art-deco monuments of 
today, with permanent exhibitions 
of underwater exploration vessels, 
modern underwater renewable energy 
systems and housing the largest 
submarine in the world open to public 
– Le Redoutable (the Formidable). 

On the Sunday, I had the opportunity 
to visit the iconic Le Mt. St. Michel 
(Mount Saint Michael). Also located 
in the northern Normandy region of 
France, about one kilometre off the 
coast at the mouth of the Cousenon 
River near Avranches it is approx. 100 
hectares (247 acres) in size. In fact, 
with a population of 44, the island has 
its own council, police and post office/
code, making it one of the smallest 
towns in the world. 

This particular landmark is important 
to me since it was used at the setting 
of a novel that had a great influence 
on my decision of pursuing an 

academic career. The Turning Point: 
Science, Society, and the Rising 
Culture is a 1982 book by Fritjof 
Capra written to examine perceived 
scientific and economic crises through 
the perspectives of systems theory. 
Stranded at Mt. St. Michel by its iconic 
rapid rising high tides, a disillusioned 
former presidential candidate, an 
expatriate poet and an academic who 
stopped teaching science at a university 
when she realized her work was 
being used by the military, together 
they philosophically discuss how the 
combined nature of their professional 
experiences define mankind's future 
through modern systems theory.

14–7 Sep 2017 – La Rochelle, France

La Rochelle University is an integral 
part of the local economic and cultural 
environment whilst housing one of 
France highly awarded FRE-CNRS 
research centres – Le Laboratory 
des Sciences de I’Ingenieur pour 
I’Environnment or LaSIE (Laboratory 
of Environmental Science and 
Engineering). The activities of 
the laboratory include durability 
and protection of materials under 
environmental constraints such 
as corrosion, quality of living 
environment such as safety, eco-
processes for the quality of products 
such as hydrocarbons as well as the 
energy recovery of bio-resources. The 
unit brings together a broad spectrum 
of skills with integrated approaches 
from the atomic scale to material, 
building and its environment at 

Fig 11. Dr Igor Chaves next to the Le Redoutable (the Formidable) 
nuclear powered submarine, currently housed at the Cite de la Mer 
in Cherbourg, northern France.

Fig 12. A decommissioned Le Redoutable class submarine, 
replacing its nuclear core with a dummy section at the Cite de la 
Mer in Cherbourg, northern France (www.citedelamer.com).
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different scales of time and space. 
Moreover, it establishes a continuum 
from the development of mathematical 
tools to applications and patent 
applications, to numerical and 
experimental models and simulations.

My host was Professor Philippe Refait, 
head of the material science division 
of LaSIE and Associate Professor Marc 
Jeannin also from the material science 
division. One very interesting study 
published by Philippe and Marc in 
Corrosion Science 2016 was the long-
term analysis of galvanic coupling and 
heterogeneity of the corrosion product 
layer of carbon steel in marine media. 
Using X-ray diffraction and µ-Raman 
spectroscopy, 8 year-long rust products 
were analysed in order to determine 
number and range of different anodic 
zones within a single coupon immersed 
in natural cold seawater. Whilst in the 
anodic zones the formation of sulphate 
green rust proved to be favoured at 
the expense of that of magnetite, in 
contrast, together with aragonite and 
carbonated corrosion products, the 
formation of magnetite was favoured 
in cathodic zones. Hence, the galvanic 
effects are then self-sustaining via their 
influence on the corrosion products 
which could persist for many years, 
having a direct implication towards 
marine infrastructure integrity 
and reliability. 

The research facilities at LaSIE are 
world class. With both equipment 
and personnel for metallographic, 
chemical, compositional and 

microscopic analysis, the group focuses 
on reverse engineering obtained 
rust products in order to ascertain 
the risk imposed by corrosion on 
new and existing infrastructure. For 
example, Marc’s background in bio-
corrosion and Raman spectroscopy 
synthesis and characterisation of 
carbonates led to a 2015 publication 
in the international journal of 
biodeterioration and biodegradation. 
In his work, it was shown that the 
kinetics of the corrosion process may 
not be influenced or only slightly by 
microorganisms during the early 1 to 
8 weeks stages of exposure, however, 
the observed evolution of the bacterial 
community associated with the 
corrosion product layer foreshadows 
that microbiologically influenced 
corrosion will prevail in the long-term.

18– 21 Sep 2017 – Brest, France

French Corrosion Institute, a subsidiary 
of SWEREA KIMAB (Sweden), is one 
of the leading organisations in Europe 
in the field of corrosion and corrosion 
protection. It includes two sites located 
in Brest and Saint-Etienne (outskirts 
of Lyon), with a task force of 20 
engineers and technicians per site. As a 
partner and coordinator of numerous 
R&D projects in collaboration with 
both industry and academia in order 
to provide professional commercial 
testing and evaluation of corrosion 
resistant products and methods, their 
divisions include: Marine corrosion, 
cathodic protection design and 
monitoring (contact: Nicolas Larche), 

Stress corrosion cracking, corrosion 
fatigue and H2S corrosion in oil & gas 
production (contact: Claude Duret-
Thual), coil coated materials for 
building, appliance and automotive 
industries (contact: Tomas Prosek), 
aerospace, shipbuilding and transport 
engineering atmospheric corrosion 
quantification and prediction (contact: 
Nathalie LeBozec).

The laboratory and field-testing 
facilities are very impressive and offer 
a myriad of services such as accelerated 
atmospheric corrosion tests, outdoor 
exposure sites located in various 
locations of Europe, Asia and Middle 
East, corrosion sensor techniques 
and education, and last but not least, 
the capacity of providing immersion 
tests in corrosion for a range of 
corrosive media whilst with or without 
mechanical loading.

ARCOR, or the Association pour la 
Recherche sur la Corrosion et I’Anti-
Corrosion (Association for Research 
on Corrosion and Anti-Corrosion) 
is a non-profitable organisation, 
founded in January 2004, after the 
establishment of the French Corrosion 
Institute. The purpose is to share 
and disseminate information to the 
partners on corrosion science and 
corrosion control. Some partners 
include ArcelorMittal, Bluescope 
Steel Ltd, Boeing Company, Hempel, 
Outokumpu Stainless, Renault SAS, 
Statoil, Valspar, Veolia Water, and 
many others.

Fig 13. An example of an underwater energy production turbine built by DCNS, now called 
NAVAL Group, currently housed at the Cite de la Mer in Cherbourg, northern France.

Fig 14. Dr Igor Chaves at Mt. St. Michel 
(Mount Saint Michael) medieval citadel, 
located in the region of Normandy 
northern France, has strategic importance 
for more than 1,000 years..
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With over fifty research and 
development projects concurrently 
commencing in 2017 whilst 
disseminating results through over 
fifty two peer reviewed articles 
published in international journals, 
books, handbooks and conference 
proceedings, The French Corrosion 
Institute most certainly stands out in 
terms of efficiency and productivity. 
Perhaps their horizontal hierarchy 
and shared skills and responsibility 
framework is something all companies 
should aspire to implement. It certainly 
made me feel very welcome to share 
my ideas with them.

Thank you ACA for your collective 
welcoming, positive and rewarding 
attitude towards your members. As 
stated initially, the award fostered 
potential international collaborative 
research and development projects, 
bridged gaps between academia and 
industry, kept me up-to-date with 
world class corrosion science and 
control, as well as allowed my work 
to be published and exposed to the 
wider European Scientific Community 
whilst strengthening organisational 
partnerships between the ACA and 
various European corrosion Research 
Centres, Institutes and Universities 

which in turn will potentially create 
more opportunities for ACA members 
in the future. It is an absolute honour 
and privilege to have been awarded 
the Australasian Corrosion Association 
Foundation (ACAF) Brian Cherry 
International Travel Scholarship and  
I hope that this report will make all 
ACA Foundation donors proud of 
their generosity.

Fig 15. Faculty of Science and Technology – The University 
of La Rochelle, France.

Fig 16. Pont de Recouvrance (Bridge of Recovery) is a vertical-lift 
bridge in Brest, France, across the river Penfeld and stands as a 
symbol of France resilience after the town recovered from being 
destroyed during both world wars. 

Fig 18. Atmospheric test site at the French Corrosion Institute – 
Brest, France.

Fig 19. Accelerated Corrosion test chambers at the French 
Corrosion Institute – Brest, France.
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The ACA Foundation takes great pride 
in its Scholarship Program. In 2017, the 
Foundation awarded 3 Corrosion Training 
Scholarships to enable Marius Gray, Isaac 
Isakovich and Shane Connolly to attend 
training courses offered by the ACA. 
The First Timers Conference Attendance 
Scholarships are also highly valued. 
The calibre of the 2017 recipients was 
clearly demonstrated by the commitment 
and enthusiasm they showed while 

participating in C&P2017, held at the International 
Convention Centre, Sydney, last November. Speaking at the 
opening session of the Conference, ACA Foundation Board 
Chair, Warren Green, first congratulated the Corrosion 
Training Scholarship recipients before awarding a First 
timer Conference Attendance Scholarship to Daniel Hew. 
In 2017, the NSW and Queensland Branches sponsored 
additional First timer Conference Attendance Scholarships, 
administered and judged by the Foundation. Alan Bird, 
President of the ACA NSW Branch, presented Scholarships 
to Shamila Salek and Jim Hickey. Nick Doblo, President of 
the ACA Queensland Branch, presented a further Scholarship 
to Paul Larkin. The recipients' testimonials leave no doubt 
about the value of these Scholarships to their professional 

lives. Please take the time to read these testimonials from 
Daniel, Shamila, Jim and Paul on pages 38–40 of this 
journal and view the accompanying photos. Warren Green 
closed this part of the Conference proceedings by sincerely 
thanking all ACA Foundation donors and Centurions.

In this issue, on pages 44 to 52, you will also find a 
comprehensive, informative and engaging report from 
Igor Chaves, the recipient of the 2016 ACAF Brian Cherry 
International Travel Scholarship which was utilised by Igor 
in 2017. Responding to prompting from guests at the ACAF 
social function at Conference, Igor gave a spontaneous 
speech about the benefits of his Scholarship and made a 
compelling case for ongoing support for the Foundation, 
resulting in generous donations from those in attendance.

The Foundation once again thanks ACA Branches, individual 
ACA members, corporate donors and ACAF Centurions for 
their loyal support. We trust that when the Scholarship 
testimonials are read, together with Igor Chaves’ Report, that 
the true value such Scholarships contribute at a personal, 
professional and industry-wide level is evident.

Linda Lawrie, Executive Officer, ACA Foundation 
foundation@corrosion.com.au

NEWS FROM 
THE ACA 
FOUNDATION

www.foundation.corrosion.com.au p.53

Mike Jones and Steve Bourke from Jotun lending the Foundation a helping hand with the ACA Foundation banner at C&P2017.



This Standards report focuses on Oil & Gas in relation 
to corrosion. 

This is in two stages, namely:

1.  A global standards and publication focus at 16 January 
2018, searching through SAIGLOBAL Publications at https://
infostore.saiglobal.com/store, for all current publications 
and standards relating to corrosion and its prevention for 
the topic of ‘Oil and Gas’.

These results are shown in Table 1.

2. A SAI Global search, as previously, at http://www.saiglobal.
com/online/ for new standards, amendments or drafts for 
AS, AS/NZS, EN, ANSI, ASTM, BSI, DIN, ETSI, JSA, NSAI and 
standards and amendments for ISO & IEC published from 21 
September 2017 - 16 January 2018, using the key words and 
key word groups:

 ‘durability’.
 ‘corrosion’ or ‘corrosivity’ or ‘corrosive’; but not ‘anodizing’ 

or ‘anodize(d)’.
 'paint’ or ‘coating’; but not ‘anodizing’ or ‘anodize(d)’.
 'galvanize' or ‘galvanized’ or galvanizing’.
 'electrochemical' or ‘electrolysis’ or ‘electroplated’.
 ‘cathode’ or 'cathodic'.
 ‘anode’ or ‘anodic’.
 'corrosion' and 'concrete' or ‘concrete’ and ‘coatings’.

These results are shown in Table 2.

Summary
1. Through SAIGLOBAL Publications at https://infostore.
saiglobal.com/store a search was conducted:

a)  For a Titles search on https://infostore.saiglobal.com/store 
on 16 January 2018 for ‘oil and gas and corrosion’ there 
were 67 citations (20 more than last year), 0 from AS & 
AS/N, 11 from NACE, 5 from Engineering Equipment and 
Materials Users Association and 5 from ISO; 45 relating to 
equipment for natural gas, 21 for corrosion of metals and 
6 relating to ferrous metals; see Table 1a for highlights.

b)  For a Titles search on https://infostore.saiglobal.com/store 
on 16 January 2018 for ‘oil and corrosion without gas’ 
there were 49 citations, 0 from AS & AS/N, 7 from ASTM, 
5 from NACE, 1 from API and 1 from ISO; see Table 2b for 
highlights.

c)   For a Titles search on https://infostore.saiglobal.com/store 
on 16 January 2018 for ‘gas and corrosion without oil’ there 
were 136 citations, 1 from AS & AS/N, 4 from ISO, 3 from 
ASTM, 2 from NACE, 2 from API, 1 from EI and 1 from 
ASME; see Table 3c for highlights.

d)  For a Titles search on https://infostore.saiglobal.com/store 
on 16 January 2018 for ‘petroleum and corrosion without 
gas’ there were 52 citations, none from AS & AS/N, 3 from 
NACE, 2 from ASTM and 2 from ISO; see Table 4d for 
highlights.

A search for ‘petroleum and corrosion without oil’ produced 
no new NACE, ISO or ASTM standards not listed previously.

2. Across SAIGLOBAL online Standards Publications there 
was a total of 42 listings of new standards, Drafts and 
Amendments found that were issued from 21 September 2017 
- 16 January 2018 and 5 from AS AS/NZS;

a.  Draft - DR AS 4822:2017 External field joint coatings for 
steel pipelines.

b.  AS 2312.1:2014/Amdt 1:2017 Guide to the protection of 
structural steel against atmospheric corrosion by the use of 
protective coatings: paint coatings.

c.   AS/NZS 4361.2:2017 Guide to hazardous paint management 
Lead paint in residential, public and commercial buildings.

d.  AS/NZS 2327:2017 Composite structures - Composite steel-
concrete construction in buildings.

e.  DR AS 5216:2017 Design of post-installed and cast-in 
fastenings in concrete.

All results are shown in Table 2 in the full report for Members 
via Resources/www.corrosion.com.au.

Regards 

Arthur Austin 
(Arthur.Austin@alsglobal.com)

ACA Standards Update

 ACA STANDARDS UPDATE

Welcome to the corrosion related standards report for February 2018. 
The standards reporting for 2017 is scheduled against specific interests and as indicated below:

Issue  2018 Standards search for Specific Interests

February Oil & Gas 
May Asset Management
August Protective Coatings
November Concrete & CP

*For the full Standards Report, please visit www.corrosion.com.au
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11–14 NOVEMBER 2018 | ADELAIDE CONVENTION CENTRE

MAJOR SPONSOR:Standard

Jotun blue

Black and white

Early Bird Registration 
Competition

Register for Corrosion & Prevention 2018 before 14 August 2018 
to go in the draw to win a Roof Climb & Dine Experience Adventure 

at the Adelaide Oval for two people

Prize package worth over $550
For full terms and conditions please refer 

to conference.corrosion.com.au
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RMIT University
RMIT University has a well established 
corrosion group, with a track record 
of research into materials and metal 
corrosion. In particular the group has a 
significant experience in the durability 
area. This encompasses both condition 
monitoring and service life assessment 
of individual elements and structures. 
The group are involved in a number of 
the Engineering Capability Platforms 
at RMIT, including Advanced Materials, 
Advanced Manufacturing and 
Fabrication and Urban Futures. This 
enables the group to address critical 
local, national, regional and global 
challenges and to capture emerging 
opportunities. This in turn enables 
the development of strong industrial 
links and to develop a strong research 
base. A number of grant schemes are 
available for collaborative research and 
development projects, and the group 
also offers consultancy and training 
to industry.

Some of the key current research 
topics are:

i. Residual Effects of Impressed Current 
Cathodic Protection (ICCP); The 
corrosion group has an ongoing project 
to assess the long term operation 
of ICCP systems and the residual 
protection they may provide after they 
have stopped operating. This includes 

laboratory trials and monitoring of 
ICCP systems installed on structures 
around Australia. The project aim is 
to develop an understanding of the 
electrochemical process controlling 
the passivation and protection of 
reinforcing steel when subjected to 
ICCP. Data to date has shown that 
residual protection can be afforded 
to structures post ICCP (Figure 1). 
This has the potential to significantly 
expand the lifetime of ICCP systems 
and the infrastructure on which they 
are installed. 

ii. Microbial influenced corrosion 
(MIC) of carbon steel pipes; MIC, a 
deterioration process involving the 
interaction with bacteria, is prevalent in 
a number of areas, particularly oil and 
gas fields, structures exposed to seawater, 
including ships and underground 
potable water pipelines. Fundamental 
studies into the interactions between the 
electrochemical corrosion processes and 
bacteria and the development of an agar 
based laboratory test system to replicate 
the soil environment are currently being 
undertaken, which can be extended to 
MIC studies in other areas.

iii. Corrosion of high performance steel 
welds; One area of importance in the 
oil and gas industry, particularly for 
subsea application, is the corrosion 

behaviour of high performance 
duplex stainless steel welds for 
critical applications such as valves, 
manifolds, etc. Here, assessment of the 
weld integrity, using electrochemical 
techniques such as DL-EPR and CPT 
measurements, is carried out in terms 
of the susceptibility to IGC, SCC, 
pitting corrosion and weld design for 
eliminating such forms of corrosion.

iv. Coatings for corrosion control; 
A number of projects are focussed on the 
corrosion assessment of surface coatings 
for structural engineering applications 
using accelerated corrosion monitoring 
techniques such as potentiodynamic 
scanning. In particular, the philosophy 
is coating design to reduce porosity and 
pin holes and overall improve structural 
integrity of the coating. 

v. Laser scanning; A research project is 
being undertaken to use laser scanning 
to monitor the rate of deterioration 
due to corrosion on real structures. 
By taking scans at discreet points in 
time both the current condition and 
any changes can be identified. This is 
particularly useful for large structures 
where access or detailed investigation 
is problematic. Software is being 
developed to interrogate the data to 
determine crack width, length and rate 
of growth. 

 UNIVERSITY PROFILE

Figure 1: Cathodic 
Protection Trial: seawall 
south coast Australia.
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vi. Biocompatibility and corrosion of 
implants - A number of research projects 
are being undertaken in this area. One 
in collaboration with CSIRO is looking 
at cold spray additive production of 
implants and coatings on implants 
and exploring new alloy systems 
to give better biocompatibility and 
corrosion performance than Ti alloys. 
We also work with Monash University, 
Australian National University and 
Signature Orthopaedics, a leading 
local supplier of biomedical devices on 
biodegradable Mg based bone implants 
through an ARC Linkage grant. 

vii. Muti-scale modelling of transport 
and fixed infrastructure – A capability 
is being developed to predict the life 
both of transport vehicles (particularly 
aircraft) and infrastructure (buildings, 
bridges) using linked models from 
the molecular to the continental. 
The multi-scale model can be 
used for computational design of 
materials, materials selection and life 
prediction for maintenance and asset 
management. Current customers are in 
the aerospace industry. 

viii. Nano-Sensing for monitoring 
spatial reaction. In a collaboration 
with CSIRO/Victoria University and 
California Polytechnic, the use of 
nano-dots is being investigated to 
measure surface reactions on metals 
and in coatings on the fine scale to 
provide spatial maps of very early 
stage corrosion. 

ix. High throughput discovery of 
inhibitors for zinc. This project 
combines multi-scale modelling, 
robotic and high throughput 
experimentation to discover new green 
inhibitors for the protection of zinc and 
galvanized steel. It is in collaboration 
with CSIRO. 

x. New alloys for weld strength 
and corrosion resistant of friction 
stir welded aluminium alloys. 
Unfortunately many aluminium alloys 
when welded suffer a loss of strength 
and enhanced corrosion susceptibility 
in the welded zone. In a project in 
collaboration with the rail CRC and 
CSIRO new micro-alloyed aluminium 
is being developed that will retain by 
weld strength and corrosion resistance 
in friction stir welds. 

xi. Development of alternative low 
toxicity corrosion inhibitors. Many of 
the inorganic and organic compounds 
currently used as conventional possess 
health and environmental hazards, 
particularly chromate based inhibitors. 
This has stimulated research into the 
development of more environmentally 
friendly replacements, to include 
polyaspartic acid (PASP) derivatives 
and plant sources. In particular, plants 
have been recognized as sources of 
naturally occurring corrosion inhibiting 
compounds providing benefits such as 
bio-degradability, eco-friendliness, low 
cost and availability. There is potential 
for incorporating this project with 

current collaboration programs with 
CSIRO looking at methods for rapid 
screening of corrosion inhibitors.

The University has a range of 
instrumentation available for materials 
investigation and characterization 
including, Tomography, SEM, XPS, 
EDX, XRF, Impedance Spectroscopy 
and LPR. The group is comprised 
of members of staff from Civil 
Engineering, Dr David Law (david.
law@rmit.edu.au) and Prof Sujeeva 
Setunge (sujeeva.setunge@rmit.edu.au), 
the Chemical Engineering discipline, 
Dr Liam Ward (Liam.ward@rmit.edu.
au), Architecture and Design, Mr Lucas 
Holden (Lucas.Holden@rmit.edu.au) 
and Prof. Ivan Cole (ivan.cole@rmit.
edu.au), the director of the Advanced 
Manufacturing and Fabrication 
Engineering Capability Platform.

Further details may be obtained from 
researchers in the various areas:

General Enquiries
School of Civil, Environmental and 
Chemical Engineering
GPO Box 2476V
Melbourne 3001 Victoria, Australia 
Tel +61399250321
Fax +6139639013

UNIVERSITY PROFILE   

Pits in tin (x70 Magnification).
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Working toward Professional Development in Corrosion

The ACA’s Certification program for ACA Corrosion 
Technicians and Technologists recognises those with 
education and experience in the corrosion industry. 
A Corrosion Technician has at least 4 years work experience 
and has attended a number of formal training courses, 
whilst those awarded Corrosion Technologist have at 
least 10 years work experience and have obtained further 
training. For a more detailed explanation of the eligibility 
criteria, please consult our ACA Certification Program 
brochure which is available on our website 
www.corrosion.com.au. A schedule of current ACA 
Corrosion Technicians and Technologists appears below 
and will be published in Corrosion & Materials in the first 

issue of the new year and will be continuously updated 
on the ACA’s web site. All current ACA Technicians and 
Technologists have been issued a wallet card with their 
certification number and membership details. 

Please note continued membership of the ACA is a 
requirement for certification and therefore all certified 
Corrosion Technicians and Technologists will have an 
expiry date which coincides with their ACA membership 
renewal date. ‘Pending’ expiry dates indicate that a 
membership payment is overdue. 

Please note this list is current as at 19 January 2018

Corrosion Technicians

Name Cert No: Expiry Date

Alan O'Connor 303 5/9/18

Belinda Jones 347 21/4/18

Bradley Jones 258 18/4/18

Bradley Slocum 357 12/4/18

Christopher Butler 320 24/1/18

Clinton Watson 341 30/6/18

Courtney Campbell 352 10/4/18

Craig Clarke 246 25/3/18

Daniel Chambers 335 23/8/18

Darryl Woodrow 359 4/9/18

David Fairfull 179 30/6/18

David Parravicini 296 2/9/18

Elias Galanis 354 23/1/18

Gavin Telford 244 30/6/18

Geoff Farrant 253 30/6/18

Glenn Dean 280 10/4/18

Heath Boelen 306 4/5/18

Ian McNair 163 30/6/18

Ian Saunders 251 24/6/18

Justin Tanti 238 14/2/18

Mark Watson 186 3/9/18

Nicholas Critchley 330 23/8/18

Nicholas Lange 353 23/12/18

Raed El Sarraf 350 Pending

Rodney Clarke 206 20/12/18

Ross Darrigan 174 31/3/18

Scott Wallbank 332 23/8/18

Sean Ryder 262 21/11/18

Stephen Brown 263 4/2/18

William Guest 316 14/4/18
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Corrosion Technologists

Name Cert 
No:

Expiry 
Date

Aaron Turner 345 18/4/18

Adrian Dundas 250 18/4/18

Alireza Kouklan 317 13/11/18

Allan Sterling 191 31/3/18

Andrew Smith 326 30/3/18

Arthur Austin 106 30/6/18

Barry Gartner 2 30/6/18

Ben Ward 351 23/8/18

Bernd Rose 252 1/5/18

Bill Gerritsen 18 30/6/18

Bill Lannen 111 1/1/19

Bill McEwan 32 1/1/19

Brad McCoy 178 14/7/18

Bradley Dockrill 241 15/7/18

Brett Hollis 88 30/6/18

Brian 
Hickinbottom 138 30/6/18

Brian Martin 60 1/1/19

Brian Smallridge 201 30/6/18

Bruce Ackland 82 30/6/18

Bruce Jewell 245 10/5/18

Calvin Ogilvie 17 19/1/19

Craig Hobson 349 20/7/18

Craig Hutchinson 249 26/9/18

Dale Franke 199 30/6/18

David Blaby 336 19/5/18

David Charters 358 20/1/18

David Nicholas 94 1/1/19

Dean Parker 108 5/7/18

Dennis Richards 180 1/1/19

Derek Avery 295 19/8/18

Derek Whitcombe 325 30/6/18

Dinesh Bankar 264 23/2/18

Dylan Cawley 224 29/6/18

Elio Monzu 159 30/6/18

Frank Hewitt 67 1/1/19

Frank Turco 309 14/4/18

Fred Andrews-
Phaedonos 153 30/6/18

Fred Salome 231 1/1/19

Frederick Gooder 141 30/6/18

Gary Brockett 215 30/6/18

Gary Doyle 294 2/8/18

Gary Evans 271 16/6/18

Gavin Forrester 282 10/2/18

Geoff Cope 71 29/6/18

Geoff Robb 124 30/6/18

Geoffrey White 182 1/7/18

Gordon Stewart 68 1/1/19

Graeme Kelly 102 1/1/19

Graham Carlisle 281 19/5/18

Graham Sussex 136 30/6/18

Grant 
Chamberlain 334 30/6/18

Greg Moore 97 1/1/19

Harbhajan Khera 331 23/8/18

Harry Lee 19 1/1/19

Harvey Blackburn 10 1/1/19

Ian Glover 129 30/6/18

Ian Savage 259 14/4/18

Ian Stewart 155 5/9/18

Isaac Isakovich C 355 26/8/18

Jeffrey Hurst 202 30/6/18

Jim Hickey 346 13/8/18

Jim McMonagle 56 1/1/19

John Kilby 193 30/6/18

John Lane 188 20/1/18

John McCallum 59 30/6/18

John Mitchell 115 30/6/18

John Rudd 243 5/9/18

John Waters 121 30/6/18

John Watson 239 10/6/18

Keith Lichti 133 30/6/18

Kim McCoy 350 28/7/18

Kingsley Brown 257 23/6/18

Les Boulton 43 1/1/19

Luciano Ioan 228 30/6/18

Luis Carro 260 30/6/18

Mark Sigley 338 30/3/18

Mark Weston 149 1/1/19

Marshall Holmes 293 26/8/18

Max Fraser 283 16/3/18

Michael 
Boardman 30 12/7/18

Michael 
Johnstone 230 5/9/18

Michael Jukes 90 3/3/18

Mike Dinon 5 30/6/18

Morris Young 217 30/6/18

Murry McCormick 196 28/6/18

Narendra Tripathi 312 30/6/18

Neil Campbell 38 30/6/18

Nicholas Van Styn 229 25/2/18

Nizam Yusoff 302 9/2/18

Paul Hunter 62 30/6/18

Peter Crampton 8 29/6/18

Peter Dove 210 29/3/18

Peter Hart    200 16/11/18

Peter Hosford 216 1/1/19

Peter Hunger 301 20/6/18

Peter Wade 190 30/6/18

Phil Harrison 145 1/1/19

Philip Bundy 209 30/6/18

Raymond Da 
Costa 342 5/6/18

Reg Casling 11 1/1/19

Rob Billing 12 30/6/18

Rob Francis 23 1/1/19

Robert Callant 106 30/5/18

Robert Cox 14 30/6/18

Robert de Graaf 154 1/1/19

Robert Freedman 147 1/1/19

Robert Mumford 33 23/6/18

Rodney Wubben 46 30/6/18

Roman Dankiw 208 29/6/18

Ronald Tan 308 30/6/18

Ross Antunovich 214 30/6/18

Ry Collier 344 21/7/18

Stephen Holt 348 28/2/18

Stephen Wargula 310 14/4/18

Steve Richards 110 30/6/18

Stuart Bayliss 236 7/11/18

Tan Swee Hain 189 30/6/18

Thomas Wenzel 329 17/11/18

Tony Betts 74 1/1/19

Tony Murray 134 5/9/18

Ulf Kreher 304 11/9/18

Vic McLean 237 23/8/18

Wade Guye 313 9/8/18

Wayne Burns 100 1/1/19

Wayne Ferguson 242 4/9/18

William 
McCaffrey 142 30/6/18

Willie Mandeno 13 1/1/19

Xiaoda Xu 315 28/11/18

Yongjun Tan 194 30/6/18
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Continuous operation of pressure 
piping and vessels is synonymous with 
increased productivity. Live pressure 
equipment also presents a significant, 
yet manageable, hazard to personnel. 
This is especially true in the context of 
toxic or volatile substance containment 
at high pressures and temperatures.

Plant design and material selection aims 
to minimise degradation of in-service 
pressure equipment, however, damage 
is inevitable in many cases. Hence there 
is a strong requirement to justify safe 
operation of damaged equipment; this 
is formally known as fitness for service 
(FFS) assessment. When damage is 
identified it is crucial to demonstrate 
not only whether the item is safe 
to operate, but how much further 
degradation can be tolerated and what 
this means for the future of the asset.

Level 1 and Level 2 FFS
Industry FFS guidelines present a range 
of approaches to which a basic trade-
off exists between ease of analysis and 
the level of conservatism. Level 1 or 
Level 2 assessment is possible through 
‘hand calculations’ or basic numerical 
methods which incorporate a number 
of conservatisms. Coarse measurement 
and approximations of the damaged 
geometry often suffice at this level of 
analysis. Even when highly detailed 
geometric measurements exist they are 
simplified to facilitate ease of analysis, 
often adding conservatism. 

Level 1 or Level 2 assessment 
methodologies are typically built 
around standard geometric cases which 
means one can run into limitations 
when dealing with more complex 
situations. In terms of pressure 
equipment, for example, isolated 
wall loss adjacent to major structural 

discontinuities (MSDs), such as nozzles 
or supports, represents a complex 
geometrical case which may require 
more detailed analysis. 

Level 3 FFS
Level 3 FFS approaches provide an 
avenue to address complex cases 
which are not covered by Level 1 or 2 
approaches, as well as relatively straight 
forward cases where the Level 1 or 2 
criteria are no longer satisfied due to 
degradation severity. The use of finite 
element analysis (FEA) introduces 
a significant increase in modelling 
flexibility, providing the ability to 
readily handle complex geometries, 
loading, boundary conditions 
and materials’ behaviour. Figure 1 
illustrates, through a relatively simple 
example, how data from inspected 
regions can be incorporated into larger 
models. In this pipework example 
surrounding components could be 
added to investigate the effects of global 
mechanical and thermal loads. The 
flexibility in finite element modelling 
does, however, mean that highly 
experienced personnel are required to 
ensure models are implemented and 
interpreted reliably. 

Level 3 FFS is often perceived as a 
highly expensive exercise reserved 
only for the most severe cases where 
the cost of more detailed analysis 
in place of repair or replacement is 
justifiable. Even then the Level 3 
assessment would traditionally be 
employed following attempts with 
Level 1 or 2 approaches. But there is a 
shift in thinking now as technological 
advances make advanced analysis more 
readily accessible. This is allowing 
more informed decisions, even for less 
critical cases which were traditionally 
treated with unnecessary conservatism. 

Inspection Technology and 
Measurement Performance in the 
Context of FFS
Advances in inspection technology 
mean the geometry of damaged items 
can be measured increasingly more 
accurately and at higher resolutions. 
There are many measurement 
solutions available which are 
becoming more affordable and 
contributing to wider use of advanced 
inspection in place of conventional 
NDT techniques. Technologies such 
as ultrasonic corrosion mapping or 
optical surface profiling are not new, 
however, and the ability to take rich 
geometric measurements has existed 
for many years. 

It is only more recently that efficient 
methods to take advantage of such 
inspection data in the context of 
FFS have seen much development. 
This is making it straightforward 
to generate finite element models 
with the damaged area defined 
by direct input of rich geometric 
measurements. Hence, the accuracy 
and full resolution of the inspection 
data is reflected in the 3D model, 
making it even more representative of 
the actual component. Care must be 
taken, however, as the accuracy of the 
inspection data can have a significant 
impact on the model’s reliability. 
Therefore, it is important that those 
using such data for modelling (and 
those making decisions based on the 
results) understand the inspection 
performance as achieved in the field 
and appreciate how this may affect 
the results of the FEA. Inspection 
performance in the field is influenced 
by a range of technical and human 
factors, as such generic measurement 
performance metrics should be used 
with caution. 

High Resolution Thickness 
Data and Finite Element 
Methods to Make the Most 
of Corroded Components

 TECHNICAL NOTE

Advances in inspection and analysis software mean it is practical to proceed directly to 

Level 3 fitness for service to gain an in-depth knowledge of a damaged item’s integrity
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Thickness FEA Stress Results

Ultrasonic Corrosion 
Mapping Systems
Internal wall loss can be quantified 
very accurately using mechanised 
ultrasonic corrosion mapping. Figure 2 
shows a closeup of 3D geometry from 
a corroded component constructed 
directly from ultrasonic corrosion 
mapping data. Both images share 
the same geometric information 
but are coloured by remaining wall 

thickness (left) and by the stress results 
computed through finite element 
methods (right). There are many 
ultrasonic corrosion mapping systems 
available but they do not all offer the 
same level performance in terms of 
measurement accuracy and probability 
of detection. Further to this, the 
achieved accuracy on a given project 
is likely to vary from the system’s base 
performance due to numerous effects 

such as equipment setup, temperature, 
surface conditions and even the 
morphology of corrosion itself. Most 
modern systems can 
digitise the raw ultrasonic waveforms 
during the inspection in addition to 
thickness readings. This is extremely 
valuable as it provides a means of 
assessing the achieved performance for 
a given inspection. 

TECHNICAL NOTE 

Figure 1. 3D Finite Element Geometry illustrating Integration 
of Inspected Component with Global Geometry.

Figure 2. Closeup of 3D Geometry from Ultrasonic Corrosion Mapping Inspection, Coloured by Thickness (Left) and Corresponding 
FEA Stress Results (Right).
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 TECHNICAL NOTE

Optical Profiling Systems
It is also possible to measure the 
morphology of accessible surfaces 
accurately using 3D laser and other 
optical scanning systems. These systems 
work by profiling the visible surface 
rather than measuring wall thickness 
directly. Thickness can be calculated 
indirectly, typically by measuring 
wall loss and subtracting this from 
some nominal thickness, or assigning 
thickness at several locations based 
on ultrasonic measurements. Often 
it is not possible to fully account for 
variations in the inaccessible side of the 
component which may be present from 
manufacture or in-service damage. 
As with ultrasonic corrosion mapping, 
the base performance varies with 
different systems and can be affected 
by site conditions. Scanning of 
relatively large areas may require 
special treatment to guard against 
cumulative positional errors. 

Future Corrosion
To justify safe continued operation 
of damaged equipment it is crucial to 
consider the future condition of the 
asset as part of the FFS assessment. In 
other words, we need to answer, “How 
much more damage can be sustained 
before FFS criteria are reached?” and 
“How long will it take to reach these 
limiting conditions?”. In terms of 
corrosion the first step is assessing 
the level of allowable wall loss (also 
known as remaining margin). An 
effective means to achieve this is to 
incrementally reduce the finite element 
model thickness from the measured 
condition and run the analysis until 
a limiting condition is reached. The 
way in which the future corrosion is 
modelled can have a significant impact 
on the results. A simple approach is 
to uniformly decrease thickness across 
the component, however, this is often 
excessively conservative, especially 
if the current condition indicates that 
some regions have average long-term 
corrosion rates much higher 
than others.

An example of this situation is where 
a relatively small proportion of area is 
actually suffering corrosion. This effect 
is illustrated clearly in the 3D corroded 
geometry and corresponding thickness 
distribution in Figure 3. Note how 
the deep areas of corrosion (red) have 
historically corroded much faster than 
the surrounding (dark blue) areas which 
have experienced little to no wall loss 
at all. Between the red and dark blue 
we see a range of thicknesses which 
correspond to a range of historical 
corrosion rates. An alternative approach 
is to use the geometric inspection data 

to determine how the corrosion has 
grown historically and assume this 
behaviour will persist. In other words, 
the deepest areas of corrosion will 
continue to grow the fastest. Persistent 
wall loss models are considered more 
representative than uniform reduction 
in thickness for most corrosion types 
except where the corrosion is very 
general. More detailed models also exist 
which attempt to capture other aspects 
of corrosion behaviour such as new 
initiation zones. Future degradation 
modelling options should be considered 
on a case by case basis to ensure 
suitability given the nature of damage 
at hand. 

It is important to consider inspection 
performance relative to remaining 
margins, especially when margins are 
small. In some cases, measurement 
uncertainty may prevent FFS assessment 
being a viable alternative to repair or 
replacement. This is especially true for 
very thin material where measurement 
uncertainty is relatively high, hence 
many industry recommended practices 
stipulate an absolute minimum 
thickness as one of the FFS criteria. 

Considerations for 
Ongoing Integrity
Introducing suitable future corrosion 
to the FEA allows margins on limiting 
conditions to be established reliably. 
But this only satisfies part of the 
requirements for ongoing integrity 
management and hasn’t answered our 
second question, “How long will it take 
to reach these limiting conditions?”. 
For corrosion, we can do this by 
applying the rate of degradation to the 
remaining margin to determine a so 
called remaining life. Remaining life 
estimates are a crucial outcome of the 
FFS assessment process, used as input 
to future inspection intervals and other 
integrity management decisions. 

Information around corrosion rates 
can be obtained in several ways, 
including theoretical rates based on 
materials and process conditions, 
corrosion coupons and inspection 
data. The most reliable corrosion 
rate estimates are based on detailed 
statistical comparison of inspection 
data with a high density of accurate 
measurements, e.g. ultrasonic 
corrosion mapping or optical profiling, 
carried out at suitable intervals. 
Inspection performance can have 
a major impact on corrosion rate 
estimates, particularly if measurement 
errors are large relative to the expected 
level of actual wall loss during the 
inspection interval. For instance, 
in a system with real degradation 
rates of 0.1 to 0.2 mm/year (0.004 to 
0.008 inches per year) inspection with 
an 80% measurement tolerance of 
0.5 mm (0.02 inch) at an interval of 
two years may be ineffective for rate 
estimation. More reliable estimates 
could be obtained by carrying out 
inspections at a greater interval or 
with better measurement performance. 
However, it may still be possible to 
obtain reliable rate estimates through 
detailed comparison of the underlying 
wall thickness distributions using 
statistical methods. Comparison of 
wall thickness distributions allows 
measurement error to be formally 
considered and provides a basis for 
correction of the effects from factors 
such as temperature variation and 
differences in calibration methods. 
This requires inspection with a 
technique which yields a high density 
of measurements, such as corrosion 
mapping but provides far more reliable 
estimates than direct comparison of 
inspection minima alone. 

Summary
The technology to produce digital 
geometric records of damaged 
components is becoming increasingly 
accurate, accessible and affordable. 
We are seeing more widespread 
application of the technology as 
well as innovative uses for the data 
it provides. With these advances the 
cost and turnaround time for Level 3 
FFS assessment is competitive with 
the simplified and more conservative 
assessments. In many cases it is now 
practical to proceed directly to Level 3 
assessment and gain an in depth 
understanding of an item's integrity. 

Tyrone Kymble, Sonomatic
Figure 3. 3D Geometry and Cumulative 
Thickness Distribution generated from 
Ultrasonic Corrosion Mapping Data. 
(Illustrates the range of historical 
corrosion rates).
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Overview
Many blasting and coating specialists 
use, by default, a 30/60 mesh or 
coarser garnet for surface cleaning and 
preparation. However, a more efficient 
— and often overlooked —solution 
is to select the specific garnet grain 
size known to achieve the desired 
surface profile. The size of the abrasive 
particles can significantly influence 
surface cleaning rates, as the number 
of grains in standard garnet grades 
can vary from 10 to 30 million 
per kilogram. 

This article outlines the advantages of 
finer versus coarser grade garnet when 
used on industrial coatings, mill scale, 
lightly rusted surfaces and light-build 
coatings. It also provides examples 
of industry applications that benefit 
from the use of finer grade garnet 
and comparison with applications in 
which the use of coarser grades are 
more appropriate. In addition, practical 
considerations for choosing the garnet 
grain size based on the desired surface 
profile are explored.

Benefit Of Using Finer Abrasive
When blasting with garnet, larger 
garnet grains facilitate deeper 
indentations than finer garnet grains 
but produce fewer impacts across any 
given area. This is because finer grades 
will have a higher grain count per 
kilogram and hence produce more 
impacts per unit area, resulting in 
a more efficient blasting performance. 
In addition, finer garnet grains produce 
a more uniform surface profile, cleaner 
finish, higher peak density and are 
better able to sweep out rust from 
within tight crevices. 

Figures 1 and 2 demonstrate the 
difference in impact produced by 
coarser versus finer garnet grains, 
and the resulting surface finish on 
a coated metal.

Selecting The Right 
Garnet Abrasive
Whatever the required finish, there will 
be an appropriate garnet grain size for 
the job. For surface profiles specified 
above 75 microns, the 30/60 mesh 
garnet is generally the ideal industry 

standard grade. Finer garnet grades 
range from 80 to 120 mesh size, and 
ultra-fine garnet grades range from 200 
to 350 mesh size. These finer grades 
can be ideal for surface preparation 
requiring lower surface profiles.

The most important criterion when 
selecting a garnet grade is the 
required finish (e.g., surface profile 
and standard of cleanliness). When 
surface profiles above 75 microns are 
required, a relatively coarse garnet may 
be appropriate; however, most of the 
time, the purpose of blast cleaning 
is not just to attack the surface 
aggressively. The operator should aim 
to achieve the required surface profile 
without unduly exceeding the surface 
preparation requirement. 

Finer grain garnet has the versatility 
to achieve the desired results for 
specialised applications by reducing 
the potential for undue damage to 
work pieces. The use of finer grains at 
the appropriate nozzle pressure will 
facilitate control and efficiency on 
delicate substrates such as aluminium.

Application Examples For Finer 
Grain Garnet
Sweep Blasting
Intact paint work needs to be brush 
blasted to remove loose paint and 
contamination on corroded areas to 
produce a specific surface profile for 
subsequent recoating. Finer garnet 
will effectively etch the intact coating 
while scouring into any existing surface 
profile on the exposed substrate, 
enabling the original profile to be 
efficiently restored for the new coating. 
It also facilitates a feathered transition 
between intact coating and bare steel.

General Maintenance
A faster blast can be achieved by using 
a finer grade garnet on low build 
coating systems as more particles per 
unit area will be impacting the surface. 
In the case of heavily pitted surfaces, 
finer garnet particles are better able 
to fit into pitted areas to clean where 
coarser particles cannot.

An additional benefit of using a finer 
grade is that surrounding areas are not 

affected by undue contamination. This 
is due to the low dusting characteristic 
of garnet abrasives, resulting in more 
efficient surface preparation throughout 
the duration of the project. 

Aluminium Structures and 
Galvanized Surfaces
The scouring effect of smaller grains can 
serve to clean away contamination from 
surface undulations. Undue damage to 
relatively soft surfaces can be avoided 
by using lower air pressure.

Turbines and Propellers
Even the finest grade of garnet remains 
a hard and sharp tool. When turbines 
and propellers become encrusted with 
detritus, ultra-fine garnet at controlled 
pressures can be used for brush blasting 
without affecting the dynamics of the 
work piece.

Cases When Finer Garnet Grains 
May Not Be Appropriate
Creating a variety of finishes in 
accordance with specific requirements 
can be achieved by combining 
different garnet grades at variable 
pressures. Ultimately, abrasive 
performance is determined by kinetic 
energy (joules) resulting from the 
particles' mass (kilograms) and velocity 
(m/s) (KE = ½ mv2). 

When removing thick, soft coatings, 
the energy may be absorbed before the 
garnet grains achieve full impact. Hence, 
the heavier features of larger grain 
garnet can be more effective. Equally, 
when blasting off high build coatings 
above 500 microns in thickness and 
heavy corrosion on offshore assets, finer 
garnet grains may not be appropriate.

Practical Considerations
  Optimal blasting performance is 
achieved by matching the correct 
garnet grain size to the specific 
job, and blasting with clean, dry 
compressed air at the appropriate 
pressure in conjunction with 
controlled abrasive flow rates. 

  This optimisation ensures a uniform 
surface profile without rogue peaks or 
oversized troughs, facilitating efficient 
paint application.

Advantages of Finer 
Grade Garnet

 TECHNICAL NOTE
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TECHNICAL NOTE 

  The unique physical nature of garnet 
— sharp, hard and tough — allows 
usage at lower air pressures, which 
avoids over-blasting and unnecessary 
damage to the substrate.

Conclusion
Finer garnet grades can enable more 
controlled blasting, efficient blasting 
performance and cleaner surface profiles 
up to 75 microns. Certain surface 
coatings with light rust, low build 
coatings, and weakly adherent mill scale 
can be removed more effectively with 
finer rather than coarser grade garnet. 

Selecting the smallest particle size 
required to achieve the desired result 
will reduce the need to paint over rogue 
peaks or fill oversized troughs within 
the surface profile. 

To obtain the right garnet abrasive 
for the desired profile, it is important 
to consult a garnet expert during the 
planning stage of a project. This can 
result in increased blasting rates of more 
than 10 percent and decreased abrasive 
use by up to 10 percent, driving down 
project times and cost.
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Controlling Corrosion with Chemistry
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1. Preamble
Percival Faraday Thompson was a chemist, a metallurgist, 
a corrosion scientist and an educator. As others before me, 
when I was asked to give the PF Thompson memorial lecture 
at the 2017 ACA Conference, I wanted to find out more 
about this man. Arguably a chemist first and foremost and 
apparently, a self-taught metallurgist and corrosionist later 
in his career, PF Thompson wrote many papers across a 
vastly diverse range of topics. He first became a lecturer in 
Chemistry in 1906 at what was then the Melbourne Men’s 
Working College (now RMIT) and moved to the University 
of Melbourne in 1918. He was appointed as President of the 
Society of Chemical Industry of Victoria in 1925 and although 
his early work focused on analytical chemistry and chemical 
analysis, he started to investigate and publish in areas we now 
consider corrosion science in the early 1930’s [1,2]. 

PF Thompson recognised the importance of chemistry in 
understanding and combating corrosion. In his 1932 lecture 
to the Australasian Institute of Mining and Metallurgy he 
remarked that corrosion ‘is a matter which has primarily 
concerned the engineer, but the paucity of his training in 
chemistry and electrochemistry has been a stumbling block to 
a better understanding of its mechanism’. Sadly, I think this is 
still true today and it is up to the educators to change that – 
those teaching chemistry to use corrosion as a very important 
case study with which to teach fundamental chemical 
concepts, and those teaching engineering to ensure that the 
electrochemical nature of corrosion is well understood.

In reading about PF Thompson’s life, I was pleased to 
see some parallels with the path that I have taken as 
an educator. In the spirit of PFT, trying to develop an 
understanding of the underpinning science to solve 
important problems, to educate the younger generation 
of science and engineering leaders and also encouraging 
them to think about and communicate their science in 
different forums – from school children to University 
graduates and from their peers to the general community. 
Demonstrations are by far the best way to achieve effective 
communication. Through visualizing processes and the 
use of experiments we can simplify difficult concepts. At 
this point I want to divert and acknowledge another great 
Australian corrosion scientist and educator as well as the 
first PF Thompson memorial lecturer – Professor Ed Potter 
[2] Ed’s magnesium clock, which has been used to start the 
ACA annual meetings for decades now, is no more than 
the harnessing of a corrosion process to provide energy; a 
primary magnesium battery. Energy generation and storage 
are key challenges today as we transition away from fossil 
fuels. This opens up remarkable new opportunities and 
challenges for our corrosion community – whether it be in 
understanding and controlling corrosion of metals used for 
molten salts in thermal storage applications, to controlling 
interfacial electrochemical processes on Al and Mg alloys for 
next generation battery storage, or to designing more robust 
pipeline infrastructure to enable storage and transportation 
of solar fuels such as hydrogen and ammonia. All of this 
requires knowledge of materials performance, interfacial 
science and, above all, chemistry. This brings me back to 
PF Thompson – a chemist at heart – with chemistry the 
underpinning science in our field of corrosion.

2.  Corrosion – a chemical reaction involving electrons 
and ions.

Corrosion, defined as the degradation of a material in a given 
environment, is a chemical process. We generally think of 
metallic corrosion being an electrochemical process which 
requires both an oxidation reaction (loss of electrons, e.g. the 
dissolution of Fe) at an anode and a reduction reaction (gain 
of electrons, e.g. the reduction of O2 or H+). To support these 
two electrochemical reactions, an ionic conduction pathway is 
necessary via the electrolyte. These definitions are clarified in 
Figure 1. 

If either of the anodic or cathodic reactions is stifled or if 
the electrolytic pathway is absent (or highly resistive) then 
corrosion will be mitigated. This then gives us many chemical 
handles with which to control corrosion, remembering that 
engineering alloys are thermodynamically unstable and all 
we can do is slow down the inevitable process of a metal 
returning to its stable oxidised (or corroded) state. We thus 
can control corrosion by controlling the kinetics of the 
electrochemical reactions and we can do this by putting 
barriers in the way of electron and ion transport, meanwhile 
taking care not to create localised corrosion environments. 
Barriers can be created by either physically placing a coating 
on the surface of a metal (this can be organic or metallic), 
by creating a conversion coating which is highly resistive to 
electrons and/or ions, or by adding one or more chemical 
species to the environment which can adsorb onto the metal 
surface thereby inhibiting the electrochemical process. We will 
discuss each of these chemical barriers and their effect on the 
corrosion processes in what follows.

3. Physical Barriers - Coatings 
One of the primary functions of a coating is to act as a 
physical barrier restricting the ingress of aggressive species 
such as chloride ions, acid, oxygen and water. Coatings have 
evolved from the coal tar enamels introduced in the early 
1940’s and used extensively till the 1960’s, to polyethylenes, 
liquid epoxy, fusion bonded epoxies and layered coatings 
more recently introduced [3,4]. The chemical nature of the 
coating depends on the application and its function. For 
example, in some cases the coating not only has to protect 
against the aggressive environment (i.e. provide an efficient 
barrier) but also needs to be able to withstand high electrical 
currents without cathodic disbondment under cathodic 
protection conditions as well as avoid shielding of cathodic 

Figure 1. Schematic electrochemical cell showing anode, cathode and 
electrolyte which are all required to support a corrosion process.
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protection currents should a defect arise. Here chemistry 
is needed to control the adhesion of the coating to the 
underlying metal substrate and avoid blistering; and to control 
the crosslink density and hence the mechanical properties 
and permeability to water, amongst other key criteria. In this 
paper, however, we will not focus on polymer chemistry. 
Whilst coatings are often the first form of defence against 
a corrosive environment, they can degrade or be damaged 
during use and hence are unable to act as a sufficient barrier 
(see Figure 2). 

Thus, in many applications, coatings are multi layered 
and multi-functional. Figure 3 illustrates a typical three 
pronged process to provide protection to reactive metals. 
The underlying metal surface is first treated to form a 
conversion coating, an inhibited primer is then applied and 
finally a topcoat protective barrier coating completes the 
protective system. 

If the layers are undamaged, then the key function of the 
coating system is to keep out the aggressive environment. 
However, when a defect arises, a dangerous situation exists 
whereby the exposed metal can preferentially undergo attack. 
It is under these circumstances that the inhibited primer and 
the conversion coating need to act. Historically, chromate 
conversion coatings (CCC) have been coupled with epoxy 
primer that contains a SrCr2O7 inhibitor pigment that has 
sparing solubility and leaches out as needed to reinforce the 
damaged surface film and re-passivate the metal substrate. 

4. Conversion Coatings
Despite being used for many decades, the precise mechanism 
of action of chromate is still not completely understood. 
Hagans and Haas [5] give a detailed description of the process 
of a chromate conversion coating (CCC) on aluminium 
alloys and comment that the reactivity of the metal itself 
assists in the very rapid formation of a complex surface film 
consisting of an amorphous mixture of hydrated aluminium 
and chromium oxides. They also discuss the role played by 
the addition of fluoride ions in developing thick protective 
films arising from the ability to solubilise the aluminium 
oxide allowing the removal and deposition of a new, more 
protective oxide. Furthermore, the F- ion continues to act as 
a solubiliser for some portion of the developing oxide, thus 
allowing greater penetration of the solution to the metal 
surface and allowing transport of ions from the surface 
into the growing film. In this way, the final protective film 
will be a heterogeneous multi-valent (ie. both Cr3+ and Cr6+ 
co-exist) mixed oxide consisting of both chromium and 
aluminium oxides. Interestingly, as we discuss below with 
other treatments that have been investigated by us based 
on ionic liquid pretreatments or protective films formed 
from rare earth (RE) inhibitor compounds, this type of 
complex heterogeneous film formation also appears to be the 
inhibition mechanism. Furthermore, controlling the reactivity 
(or activation) of the underlying metal to be protected using 
heat, pickling or acid additions has also been shown to play a 
significant role in the formation of the protective film [6-10].

Kending and Bucheit [11] suggest a possible mechanism of 
action of the CCC involving a polymerization process to form 
a (Cr[OH]3) polymer consisting of edge and corner shared Cr3+ 
octahedral units. This condenses onto the metal substrate and, 
through further reaction of this polymer, an additional Cr6+ 
reservoir builds up within the coating leading to Cr3+-O-Cr6+ 
bonds in the coating. Thus, this complex hydrated chromium 
hydroxide layer contains both Cr6+ and Cr3+ (Figure 4) which 
results in its excellent protective properties.

It has proven very difficult to match the performance of 
chromate conversion coatings although Hughes et al [12] have 
developed a cerium oxide conversion coating for aluminium 
alloys that has shown promise as an environmentally 
friendlier alternative to chromate. In the presence of peroxide, 
the cerium conversion coating, consisting predominantly 

Figure 2. Example of a coating 
failure on steel showing extensive 
failure of the coating and 
subsequent rusting of the metal 
(from www.corrosionpedia.com)

Figure 3. Typical three layered 
protective systems for metals 
such as AI alloys, which include 
a conversion layer, inhibited 
primer and barrier topcoat.

Figure 4. Schematic representation of the hydrolysis-polymerization-precipitation mechanism for Cr(OH)3 backbone formation. 
(b) Codensation of Cr(IV) on the Cr(III) backbone (from reference 11).
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of Ce(IV) hydroxides, can deposit on the metal surface, and 
further local increases in the pH near the surface due to 
the reduction of O2 lead to the formation of cerium oxide 
(equations 1 and 2) although this simplistic chemical picture 
is in fact not the precise route to the formation of the CeO2 
in the presence of H2O2; the latter is elegantly explained by 
Scholes et al in reference [13].

2Ce3+(aq) + H2O2(aq) + 2OH−(aq) € 2Ce(OH)2
2+(aq) 

{equation 1}

Ce(OH)2
2+(aq) + 2OH−(aq) € Ce(OH)4(s) € CeO2(s) + 2H2O 

{equation 2}

CCC has also been used for magnesium alloys however, 
as with Al alloys, this has been phased out and alternative 
methods have been investigated as reviewed by Pommiers 
et al [14]. These include, permanganate, vanadium, RE and 
phosphate conversion coatings. 

We have also focused on the use ionic liquid conversion 
coatings for Mg alloys. Early work showed that immersion 
of Mg metal or AZ31 alloys in a trihexyl tetradecyl 

phosphonium bistrifluoromethane sulfonylamide (P66614NTf2) 
produced a complex film on the Mg alloy surface, likely 
consisting of MgF2 and other magnesium salts from the 
breakdown of the ionic liquid moieties [15,16]. This surface 
coating resulted in an 80-fold decrease in corrosion rate. 
Figure 5 illustrates the effect of immersing Mg in a chloride 
solution before and after immersion with the P66614NTf2 
ionic liquid. The bubbling on the untreated bare surface 
and the subsequent corrosion of the metal is evident in the 
left-hand images whereas minimal corrosion is observed 
post treatment right-hand images. The polarisation data 
in Figure 5d also attest to the effectiveness of this ionic 
liquid surface treatment with the ennoblement of the AZ31 
surface accompanying the 80-fold decrease in corrosion 
current density. Subsequent research showed that replacing 
the NTf2 anions with organophosphate anions also 
resulted in protective coatings which were more stable and 
biocompatible, the latter being important for protection of 
implants such as Mg based stents. 

Figure 6 shows the structure of some of these ionic liquids 
which have been demonstrated to form protective surface 
films [6-8]. The shorter chain phosphonium cation (P1444) 
is biologically more benign than the longer chained P66614 
as demonstrated by Zhang et al [8] The P1444 cation coupled 
with the diphenylphosphate anion [P1444dpp] was shown to 
form thin surface films which could control the morphology 
of corrosion in simulated body fluid, such that it was less 
localised and more uniform, an important parameter for 
bioabsorbable Mg implants. Figure 7 shows the performance 
of AZ31 in a simulated body fluid before and after treatment 
with [P1444dpp] as well as the presence of the film on the 
alloy surface that was detected using FIB-SEM (Figure 7c). 
In this case Pt is deposited on top of the film to protect it 
during sample preparation and also to make the film more 
evident. A schematic demonstrating the interaction of the 
IL anion with the Mg alloy surface is also shown in Figure 
7d. Spectroscopic characterization of the surface using FTIR 
spectroscopy as well as SEM-EDXS and ToFSIMS analysis 
of the treated Mg surfaces suggest the formation of a 
magnesium organo-phosphate surfaces with the ionic liquid 
cation somehow entrained in the film. Details of this can be 
found in the original publications [6-10]. 

Figure 5. The behaviour of Mg in an aqueous chloride solution with 
(right hand photos) and without (left hand photos) IL pretreatment as a 
function of immersion time (a-c) and a comparison of potentiodynamic 
polarisation data  for AZ31 with and without IL pretreatment (d). 
The IL here is trihexyl, tetradecyl phosphonium bistrifluoromethane 
sulfonyamide adapted in part from [15].

Figure 6. Chemical structure of typical 
phosphonium cations and organophosphate 
anions that have been used in ionic liquid 
pretreatments of Mg alloys [Y. Zhang et al Surf. 
and Coat. Tech. 2016].

Figure 7. SECM after 24 hour immersion of AZ31 alloy in SBF with and without IL 
pretreatment (a) polarisation data in SBF before and after IL treatment (b) FIB-SEM cross 
section image of the thin IL surface film after IL pretreatment (c) and schematic of the 
possible interaction of the organophosphate anion with the Mg surface.
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5. Chemical inhibitors
The addition of inhibitor compounds to solutions and 
paint formulations can also reduce corrosion by impeding 
either the anodic, cathodic or both halfs of the corrosion 
process. Molybdates, phosphates and nitrites, are examples 
of inhibitor species that act by reducing the rate of anodic 
dissolution [17,18]. They react to form a passive barrier layer 
on the surface of the metal, or stabilise the existing passive 
film. However, if the concentration of an anodic inhibitor 
is insufficient the inhibitor can only partially protect the 
corroding surface and thus can result in higher, localised 
corrosion rates; i.e. exposed local anodic regions and a 
large passive area that can act as the cathode leads to an 
acceleration of pitting corrosion. 

On the other hand, cathodic inhibitors deposit onto cathodic 
sites on the metal surface and impede cathodic corrosion 
reactions, in particular the reduction of oxygen to hydroxide 
ions. Examples of cathodic inhibitors include RE cations 
and zinc cations [19-21]. Such compounds do not promote 
pitting corrosion if they are at lower concentrations, but 
they do become less effective. Compounds that can impede 
both the anodic and cathodic reactions are known as mixed 
inhibitors, of which chromates are one example. In recent 
years, we have shown that a combination of a RE metal 
(REM) coupled with carboxylate or organophosphate ligands 
can also result in mixed inhibition on steel and aluminium 
alloys respectively [22-25]. These multifunctional inhibitors 
combine the inhibition properties of the REM and those of 
the organic component to produce compounds which display 
synergistic behaviour i.e the inhibition efficiency is better than 
either of the two individual components alone. Spectroscopic 
characterisation of the inhibitor solutions using electrospray 
mass spectroscopy has provided a correlation between the 
extent of inhibition and the nature of the chemical complexes 
present in the solution although more work is required to fully 
understand the effect of speciation [26]. 

Early work combining Ce3+ or Ln3+ with carboxylates such 
as salicylate and anthranilate [22,23] demonstrated that 
these REM organocarboxylate compounds provided high 
inhibition efficiency for steel in chloride contaminated 
aqueous systems, displaying synergistic behaviour when 
coupled together. Together with spectroscopic evidence of 
the surface chemistry and chemical modelling of possible 

reaction products between the inhibitor and the steel surface, 
Behrsing and Wilson [28] showed that the inhibition process 
involved chemisorption and the surface reactions produced 
a bimetallic compound involving both the REM and Fe3+ ions 
as demonstrated schematically in Figure 8. Similar behavior 
was found for Ce3+ combined with organophosphate anions 
such as diphenyl phosphate or dibutyl phosphate by Ho [29] 
and Markley [30]. 

Blin [30], Lee [25] and co-workers investigated a series of 
substituted aromatic carboxylates based on the cinnamic 
acid and propionic acid together with different REM 
cations. In those works, it was found that the nature of 
both the organic ligand and the lanthanide cation species 
influenced the efficacy of inhibition in the REM carboxylate 
compound. Figure 9 gives the chemical structures of some of 
the carboxylates investigated to date. Subsequently, Seter et 
al confirmed that there is a correlation between the species 
present in the solution (and presumably therefore at the 
metal surface) and the inhibition efficiency, and that these 
species depended on the pH and inhibitor concentration 
[26]. There is still much to understand about the role 
of chemistry and speciation in achieving high levels of 
inhibition. Whilst there is no one unique compound to 
combat all corrosion for all metals (as it seemed we had in 
the case of chromate inhibitors) it is evident that clever 
design of new compounds will result in series of inhibitors 
that will match the high performance of chromates.

Indeed, the nature of RE organic inhibitors lends themselves 
to chemical modification which can alter and improve their 
properties. We have discussed only a few examples in this 
paper, however there are numerous additional examples in the 
literature that show how simply changing the position of a 
functional group on a benzene ring can markedly change the 
inhibitor efficiency of a compound. The nature of the REM 
cation itself also modifies the inhibition properties. Therefore, 
the vast array of chemical modifications that can be made to 
the organic components of these multifunctional inhibitors 
together with the choice of REM cation itself, means that a 
number of new REM inhibitors are possible. 

Figure 8. Schematic representation of the chemisorption and 
interaction between cerium salicylate inhibitor and the steel surface. 
This model assumes the adsorption occurs on the underlying iron 
oxide surface.

Figure 9. Chemical structures of carboxylic acids that have been 
coupled with rare earth metal cations in the search for improved 
corrosion inhibitors for steel.
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6.  Microbiologically influenced corrosion (MIC) 
and how to stop it?

MIC is often a more aggressive form of corrosion that can 
lead to catastrophic failure of structures within a matter of 
months even if the structural design life is expected to be 
decades [32]. It is estimated that MIC accounts for at least 
20% of all corrosion failures [32]. In this type of corrosion, 
microorganisms colonise metal surfaces forming a biofilm 
that consists of bacterial cells embedded in a highly hydrated, 
extracellular polymeric substance (EPS)[32,33]. Due to the 
localised nature of this bacteria colony, MIC can rapidly lead 
to deep pitting, compromising structural integrity. Typically, 
colonies consist of a number of species, both aerobic and 
anaerobic, acting cooperatively. For example Pseudomonas 
aeruginosa is considered to be the pioneer coloniser for biofilm 
formation, under which form the oxygen-free areas required 
for sulfate-reducing bacteria (SRB), widely believed to be 
responsible for the bulk of damage caused by MIC [32]. 

Various organic compounds with antimicrobial properties 
have been considered to combat MIC. For example, surfaces 
that are functionalised with quaternary ammonium or 
phosphonium salts have high positive charge densities and 
thus exert a strong electrostatic interaction with negatively 
charged bacteria. The cation can diffuse through the cell wall 
and disrupt the cytoplasmic membrane causing cell death [34]. 
Combining an active cation such as this with an active anion 
provides the opportunity to create a ‘‘dual active’’ compound, 
thus designing synergistic effects (Figure 10). 

In particular, quaternary ammonium cations, when combined 
with a pharmaceutically active or biocompatible anion, 

have been shown to exhibit synergistic dual (antimicrobial 
and anticorrosion) activity. We and others have investigated 
a range of such compounds and demonstrated that 
cetrimonium salts based on carboxylate anions such as 
nalidixate and lactate perform well both with respect to 
decreasing bacterial survivability and mitigating corrosion 
[35,36]. Figure 11a illustrates the effect of the cetrimonium 
lactate compound on the cell survivability for the bacteria 
Enterobacter cloacae. Similar behavior was observed for other 
bacteria and other organic salts as presented in reference [35]. 
Figure 11b shows the effect of incorporating cetrimonium 
nalidixate salt (CN) into a varnish coated onto mild steel and 
subsequently exposed to solutions containing various bacteria. 
The control sample shows extensive evidence of biofilm 
formation and corrosion in contrast to the relatively clean 
surfaces found for in the presence of the CN inhibitor. 

7. Conclusions
This paper is by no means meant to provide an exhaustive 
summary of coatings or inhibitors but merely seeks 
to demonstrate how important chemistry can be in 
combating corrosion. Having a good grasp of chemical and 
electrochemical concepts can assist the corrosion engineer 
in finding suitable mitigation strategies for protecting 
metals in aggressive environments. Corrosion is increasingly 
becoming a multidisciplinary field with the need not only for 
metallurgists, coating engineers and electrochemists but also 
surface chemists, synthetic chemists and microbiologists. This 
diverse and exciting field continues to be important both from 
the perspective of educating the next generation of corrosion 
scientists and engineers and also with respect to providing 
new arsenal in the continual ‘battle’ against corrosion which is 
such a cost burden on industry and government. 

Figure 10. Schematic of a dual active organic salt permeating through bacterial cell wall, disrupting the cell and ultimately causing death. From 
Seter et al Chem Comm 2013.

 RESEARCH PAPER



February 2018 www.corrosion.com.au  p.71

8. References
[1.] Green WK and Hinton BRW. P F Thompson - Australia's Pioneer in Corrosion 
Research and Education. Corrosion & Materials. The Australasian Corrosion Association 
Inc. 40(4) (August 2015) 24-31.

[2.] Potter EC, The corrosion scene in Australia. Australasian Corrosion Engineering, 
16(3) (1972) 21-9.

[3.] Bud Senkowski E. Meeting Demands of Gas Exploration: The Evolution of Pipeline 
Coatings. JPLC. PaintSquare. (November 2015) 

[4.] Lyons CJ., A Two-Pack Waterborne Polyurethane Topcoat for Military Aircraft. 
CoatingsTech. American Coatings Association. 14(6) (June 2017).

[5.] Hagans PL. Chromate conversion coatings. ASM Handbook Volume 5: Surface 
Engineering: ASM International; 1994. p. 405-11.

[6.] Huang PP, Latham JA, MacFarlane DR, Howlett PC and Forsyth M, A review of ionic 
liquid surface film formation on Mg and its alloys for improved corrosion performance. 
Electrochim Acta, 110 (2013) 501-10.

[7.] Sun J, Howlett PC, MacFarlane DR, Lina J and Forsyth M, Synthesis and physical 
property characterisation of phosphonium ionic liquids based on P(O)(2)(OR)(2)(-) and 
P(O)(2)(R)(2)(-) anions with potential application for corrosion mitigation of magnesium 
alloys. Electrochim Acta, 54(2) (2008) 254-60.

[8.] Zhang Y, Liu X, Jamal SS, Hinton BRW, Moulton SE, Wallace GG, et al., The effect 
of treatment time on the ionic liquid surface film formation: Promising surface coating 
for Mg alloy AZ31. Surf Coat Technol, 296 (2016) 192-202.

[9.] Howlett PC, Gramet S, Lin J, Efthimiadis J, Chen XB, Birbilis N, et al., 
Conversion coatings of Mg-alloy AZ91D using trihexyl(tetradecyl) phosphonium 
bis(trifluoromethanesulfonyl)amide ionic liquid. Science China-Chemistry, 55(8) (2012) 
1598-607.

[10.] Efthimiadis J, Neil WC, Bunter A, Howlett PC, Hinton BRW, MacFarlane DR, et al., 
Potentiostatic Control of Ionic Liquid Surface Film Formation on ZE41 Magnesium Alloy. 
Acs Applied Materials & Interfaces, 2(5) (2010) 1317-23.

[11.] Kendig MW and Buchheit RG, Corrosion inhibition of aluminum and aluminum 
alloys by soluble chromates, chromate coatings, and chromate-free coatings. Corrosion, 
59(5) (2003) 
379-400.

[12.] Hughes AE, Gorman JD, Miller PR, Sexton BA, Paterson PJK and Taylor RJ, 
Development of cerium-based conversion coatings on 2024-T3 Al alloy after rare-earth 
desmutting. Surf Interface Anal, 36(4) (2004) 290-303.

[13.] Scholes FH, Soste C, Hughes AE, Hardin SG and Curtis PR, The role of hydrogen 
peroxide in the deposition of cerium-based conversion coatings. Applied Surface Science, 
253(4) (2006) 1770-80.

[14.] Pommiers S, Frayret J, Castetbon A and Potin-Gautier M, Alternative conversion 
coatings to chromate for the protection of magnesium alloys. Corrosion Sci, 84 (2014) 
135-46.

[15.] Birbilis N, Howlett PC, MacFarlane DR and Forsyth M, Exploring corrosion 
protection of Mg via ionic liquid pretreatment. Surf Coat Technol, 201(8) (2007) 4496-
504.

[16.] Forsyth M, Howlett PC, Tan SK, MacFarlane DR and Birbilis N, An ionic liquid 
surface treatment for corrosion protection of magnesium alloy AZ31. Electrochemical and 
Solid-State Letters, 9(11) (2006) B52-B5.

[17.] El-Ghaffar MAA, Youssef EAM and Ahmed NM, Preparation and characterisation of 
high performance yellow anticorrosive phosphomolybdate pigments. Pigment & Resin 
Technology, 35(1) (2006) 22-9.

[18.] Kalendova A, Comparison of the efficiencies of anticorrosive pigments based on 
chemically modified phosphates. Anti-Corros Methods Mater, 49(5) (2002) 364-72.

[19.] Hinton BRW, Corrosion inhibition with rare-earth-metal salts. 
J Alloy Compd, 180 (1992) 15-25.

[20.] Hinton BRW and Wilson L, The corrosion inhibition of zinc with cerious chloride. 
Corrosion Sci, 29(8) (1989) 967-85.

[21.] Bethencourt M, Botana FJ, Calvino JJ, Marcos M and Rodriguez-Chacon MA, 
Lanthanide compounds as environmentally-friendly corrosion inhibitors of aluminium 
alloys: A review. Corrosion Sci, 40(11) (1998) 1803-1819.

[22.] Forsyth M, Seter M, Hinton B, Deacon GB and Junk P, New ‘Green’ Corrosion 
Inhibitors Based on Rare Earth Compounds. Australian Journal of Chemistry, 64(6) (2011) 
812-819.

[23.] Forsyth M, Wilson K, Behrsing T, Forsyth C, Deacon GB and Phanasgoankar A, 
Effectiveness of rare-earth metal compounds as corrosion inhibitors for steel. Corrosion, 
58(11) (2002) 953-960.

[24.] Seter M, Girard GMA, Lee WW, Deacon G, Junk P, Hinton B, et al., The influence 
of organic structure and rare earth metal cation on the corrosion efficiency observed on 
AS1020 steel compared with La(4OHCin)3. 2(1) (2015) 1-15.

[25.] Lee WYW. Rare earth hydroxycinnamates and hydroxycinnamate-derivative 
complexes as corrosion inhibitors, Thesis (Ph.D.) Victoria, Australia: Monash University; 
2010.

[26.] Seter M, Hinton B and Forsyth M, Understanding speciation of lanthanum 
4-hydroxy cinnamate and its impact on the corrosion mechanism for AS1020 steel. J 
Electrochem Soc, 159(4) (2012) C181-C189.

[27.] Deacon GB, Forsyth CM, Behrsing T, Konstas K and Forsyth M, Heterometallic 
CeIII-FeIII-salicylate networks: models for corrosion mitigation of steel surfaces by the 
Green inhibitor, Ce(salicylate)3. Chemical Communications(23) (2002) 2820-2821

[28.] Forsyth M, Forsyth CM, Wilson K, Behrsing T and Deacon GB, ATR characterisation 
of synergistic corrosion inhibition of mild steel surfaces by cerium salicylate. Corrosion 
Sci, 44(11) (2002) 2651-2656.

[29.] Ho D, Brack N, Scully J, Markley T, Forsyth M and Hinton B, Cerium 
dibutylphosphate as a corrosion inhibitor for AA2024-T3 aluminum alloys. J Electrochem 
Soc, 153(9) (2006) B392-B401.

[30.] Markley TA, Forsyth M and Hughes AE, Corrosion protection of AA2024-T3 using 
rare earth diphenyl phosphates. Electrochim Acta, 52(12) (2007) 4024-4031.

[31.] Blin F, Leary SG, Deacon GB, Junk PC and Forsyth M, The nature of the surface 
film on steel treated with cerium and lanthanum cinnamate based corrosion inhibitors. 
Corrosion Sci, 48(2) (2006) 404-419.

[32.] Seter M, Thomson MJ, Chong A, MacFarlane DR and Forsyth M, Cetrimonium 
Nalidixate as a Multifunctional Inhibitor to Combat Biofilm Formation and 
Microbiologically Influenced Corrosion. Australian Journal of Chemistry, 66(8) (2013) 
921-929.

[33.] Videla HA and Herrera LK, Microbiologically influenced corrosion: looking to the 
future. International Microbiology, 8(3) (2005) 169-180.

[34.] Enning D and Garrelfs J, Corrosion of Iron by Sulfate-Reducing Bacteria: New Views 
of an Old Problem. Applied and Environmental Microbiology, 80(4) (2014) 1226-1236.

[35.] Xue Y, Xiao HN and Zhang Y, Antimicrobial Polymeric Materials with Quaternary 
Ammonium and Phosphonium Salts. International Journal of Molecular Sciences, 16(2) 
(2015) 3626-3655.

[36.] Seter M, Thomson MJ, Stoimenovski J, MacFarlane DR and Forsyth M, Dual 
active ionic liquids and organic salts for inhibition of microbially influenced corrosion. 
Chemical Communications, 48(48) (2012) 5983-5985.

Figure 11. (a) Percentage survival of Enterobacter cloacae 
in the presence of cetrimonium lactate (CL).

Figure 11. (b) the effect of organic inhibitor on biofilm formation 
and corrosion when exposed to two types of bacteria, citrobacter 
freundii (left panel) and desulphovibrio (right panel). Adapted in 
part from Seter et al [36).

RESEARCH PAPER 



p.72  CORROSION & MATERIALS

Case Study: Condition Assessment of 
Aged Utility Pipes in Underground Mines 
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Editors Note: This is a modified version of Paper #134 presented to 
C&P17 in Sydney last year

1. Introduction 
Process grade water is a basic commodity for the mining 
industry. Bore water is usually the main source of process 
water. The prime purpose for water in underground 
mining operations is for rock drilling and dust suppression 
after blasting. Bore waters generally contain high total 
dissolved solids (TDS) and may be associated with high 
alkalinity, bicarbonates and bacteria, especially in Australian 
mining regions.

Pumping contaminated mine water to the surface through 
dewatering pipework also has a detrimental effect on the 
service piping that forms a main artery in the infrastructure 
of a mine. Mine water is typically hard with high levels of 
salinity. In general, increasing total salinity of mine waters 
tends to increase the corrosivity of this water [1]. The source 
of mine water may be from surface accumulations, or ground 
water i.e. open or confined aquifers, drainage, etc. However, 
increasing salinity lowers the dissolved oxygen content, which 
can lead to lower corrosion rates.

The great majority of piping used in mines for transporting 
process water and drainage/dewatering water is made of 
carbon steel. Most of the utility pipes of underground mining 
operations in WA are well into their anticipated design 
lives. The reliability and availability of the water pipes in 
underground operations is a major concern for asset owners, 
particularly for old mining operations. Corrosion is the 
major problem with most mine piping and occurs internally, 
externally or both. Pre-empting corrosion failures would 
eliminate post-failure corrosion costs that have significant 
adverse economic impacts on the mining operation. Corrosion 
in carbon steel piping systems increases costs due to the 
reasons listed below:

  Repair and labour costs due to pipe failures i.e. leakage; 

  Build-up of internal corrosion products that decrease systems 
efficiency due to increasing frictional losses; and

  Deferred production cost.

All this results in increasing plant operation downtime, 
pressure losses and decreased system performance. Eliminating 
or reducing potential corrosion failures can be achieved to 
a large extent through understanding the key parameters 
of corrosion causes and proper application of corrosion 
management including implementation of corrosion 
protection measures. 

This paper presents the results of a study carried out in 
the condition assessment of utility pipe services for a WA 
underground mining operation with respect to potential 
corrosion integrity threats. An evaluation of the corrosivity in 
the process water pipes and dewatering pipes was undertaken 
to ascertain the corrosion risk issues and to verify integrity of 
the piped services in underground.

2. Methodology
For this study, the following types of direct and in-direct 
inspection methods were considered during the course of 
the investigation. 

2.1 Visual Inspection
A visual inspection was carried out on all accessible areas of 
the underground services steel pipework. Any defect found 
was recorded, including location and type of imperfection. 
An on-site internal visual inspection was completed on 
selected locations to determine the internal condition of the 
piping services. The inspection was conducted by opening 
the flange joint connections, after isolation/drainage of the 
internal water at proposed locations.

2.2 Ultrasonic Thickness Measurements
Spot ultrasonic thickness measurements were accomplished 
on representative locations of the service pipes to evaluate 
the general metal loss and degree of corrosion. The tests 
were either performed on locations considered to be 
representative of the overall condition of the system, or 
those deemed to be at higher risk of corrosion.

2.3 Chemical Composition Analysis
From the earlier visual examinations, certain areas were 
identified for further investigation, which may provide 
valuable information as to the cause of the corrosion.

2.3.1 Water Samples 
The corrosivity of water is significantly influenced by 
the concentration of dissolved species, pH, temperature, 
suspended matter and bacteria [2]. The water samples were 
collected at representative locations to determine the water 
chemistry effect on internal corrosion.

2.3.2 Corrosion Products 
Energy Dispersive Spectrometer Analysis (EDS) was used to 
determine the chemical nature of internal pipe deposits and 
corrosion products.

3. System Description
3.1 Process water 
The process water is supplied via gravity discharge from 
the Process Water Tank into both the main shaft and the 
decline. The source of process water is from a bore nearby 
the mine.

3.2 Drainage/dewatering water pipe
Drainage / dewatering water is collected in the sumps 
located around the underground mine and gravity drained 
or pumped to the dams located on different levels. Each dam 
has a dedicated pump station that transfers the water via 
steel pipework in the mine shaft, to the evaporation pond 
on the surface.

3.3 Material specifications
The pipe materials within the shaft for both services 
complied with API 5L Grade B, DN150 (Sch. 80).

From information provided by the client, it is understood 
that the pipework was nominally 25 years old at the time of 
inspection. Some small sections of the pipework had been 
replaced as part of ongoing maintenance but most of the 
pipework, including the shaft section, is original.
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4. RESULTS 
4.1 Visual Inspection
The results of the visual inspection revealed that the 
external surfaces of the service pipes were covered by 
a uniform solid scale in most areas within the shaft. 
Significant rust was observed in several locations where the 
ground water splashes onto the surface. Shallow pitting was 
detected under the deposit formations in the wet areas. A 
typical photo of the external surface of the service pipes are 
shown in Figures 1 and 2.

4.2 Pipe-wall thickness measurements
An ultrasonic thickness examination of the service pipe wall 
was completed to evaluate the general metal loss. The results 
indicate that there was some wall thinning occurring at the 
areas, which experience a wet and dry cycle due to ground 
water splashes onto the surface. The average loss of the wall 
thickness in the measured wet areas was calculated as 16.1%.

The external surface of the service pipes had considerable 
pitting visible to the naked eye in some locations, which was 
a sure sign of severe soluble salt contamination. The localised 
pit depths were measured by a digital pit gauge. The pits depth 
varied between 1.44 mm and 3.67 mm. The mean pitting 
depth was 2.08 ± 0.68 mm. The pit types were mostly wide 
and shallow as shown schematically in Figure 3. In order to 
determine the maximum pitting rate and remaining wall 
thickness, ultrasonic thickness measurement was completed 
around of the maximum pit region and the pit diameter was 
measured by calliper. The results were as follow:

  Depth d = 18 mm

  Width w= 3.67 mm (at the deepest point of penetration)

  The remaining wall thickness: tc - wmax = 10.97- 3.67 
= 7.30 mm

  The maximum pitting rate: Maximum pit depth /Life time 
= 3.67/25 = 0.15 mm ⁄ year

4.3 Water Chemistry
The results of water quality analysis of the collected water 
samples are presented in Table 1.

4.4 Microbiological Analysis
The biological analyses of water samples are summarised 
in Table 2.

Figure 1. Scale formation on the external surface of service pipes 
in a dry area.

Figure 2. Close view of corrosion indicates an irregular steel 
surface (shallow pitting) under surface scale on a service 
pipe in a wet area.

Figure 3 Schematic of Pitting Type.

Sample ID Max. TDS 
(ppm)

Total Hardness 
as CaCO3 
(ppm)

Total Alkalinity 
as CaCO3 
(ppm)

Max. Sulphate 
(ppm)

Max. Chloride 
(ppm) pH

Process Water 1,400 270 250 170 450 7.5 ~ 8.1

Dewatering 47,000 14,000 40 1,400 26,000 7.3 ~ 7.6

Table 1. Chemical Analysis of Collected Water Samples.

Table 2. Microbiological Analysis of Collected Water Samples.

Sample ID Sulphate Reducing Bacteria (cfu/mL) Other Bacteria (cfu/mL)

Process Water <1 41,500

Dewatering 14 138
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4.5 EDS Analysis 
A sample of external deposit on the process water pipe 
service within the shaft was removed for laboratory testing 
to determine the chemical nature of deposits and corrosion 
products. EDS analysis in the electron microscope was used for 
composition analysis and the results are shown in Figure 4.

5. Discussion
5.1 External Corrosion
Atmospheric corrosion is the natural degradation of material 
exposed to air and its pollutants. The rate of atmospheric 
corrosion is influenced by the relative humidity (the ratio 
of the quantity of water vapour present in the atmosphere 
to the saturation quantity at a given temperature) [3]. 
Atmospheric corrosion is further accentuated by the 
presence of pollutants such as mineral dust and exposure 
to mineral water. All of these conditions are present in the 
underground pipe services inside the shaft. Solid mineral 
deposits on the external surface of the service pipes in dry 
areas create a barrier and result in lower corrosion rates 
over time. However, the service pipes suffered from external 
corrosion in several locations where the ground water 
splashes onto the surface. Shallow pitting was observed 
under the deposit formations in the wet area. Shallow 
pitting usually occurs by the action of macro-galvanic cells. 
In a macro-galvanic cell, the anodic and cathodic areas 
are macroscopic, and their locations are fixed, leading to a 
shallow pitting form of corrosion. The macro-galvanic cells 
are formed by differential aeration and differential pH that 
leads to the formation of passive-active cells. 

5.2 Corrosion Products Analysis
The results of EDS analysis of the external deposit on the 
pipe surface shows that the scale was composed primarily of 
oxygen, silicon and magnesium with minor concentrations 
of calcium, sulfur and iron, and trace concentrations of 
chlorine, sodium, aluminium and zinc. Results suggested 
that the main components in the scale could be predicted 

to be crystals of antigorite(Mg,Fe)3Si2(OH)4 and gypsum. The 
appearance of sulphur in the scales might be due to formation 
of iron sulphide, which could be a good indication of low 
level of metabolic activity of the bacteria in the mine water. 
Furthermore, low concentrations of chlorine and sodium are 
most likely due to mine water salt contamination.

5.3 Water Chemistry Analysis
The two ways in which the parameters of the transferred 
fluid will affect the integrity of the pipe are corrosivity and 
scaling tendency. Several corrosive and scale indices have 
been developed to evaluate the corrosivity and scaling 
tendency of water toward steel surfaces as described in detail 
elsewhere [3]. The results of water corrosion and calculation 
of scaling tendency indices of representative water samples are 
summarised in Table 4.

The results of analyses of dissolved elements in the dewatering 
system show the water is very hard. In hard waters that 
contain high concentrations of calcium and bicarbonate, the 
natural deposition of calcium carbonate on the steel surface 
provides an effective barrier to oxygen diffusion, greatly 
decreasing corrosion. Low to moderate amounts of bacterial 
activity were detected in the dewatering line. Issues arising 
in the dewatering lines primarily relate to scale deposition 
rather than corrosion, which can result in a reduction of flow 
through pipes due to reduced internal cross section. 
The pump type (positive displacement) limits the effect of the 
reduced cross section until it reaches a critical level. The scale 
formation will be accelerated in areas of the dewatering system 
that have higher temperatures and lower velocity.

The results of the saturation and stability index show that the 
process water is slightly scale forming. Chloride and sulfate 
ions have essentially no effect on the internal corrosion of 
process water as long as a protective uniform scale presence on 
the internal pipe surface is formed.

Figure 4. EDS Analysis of external pipe deposit from mine water.
Figure 3 EDS Analysis of external pipe deposit from mine water 

Figure 4 EDS Analysis of external corrosion products 

Table 4. Water Quality Analysis of Collected Water Samples.

Sample Location LSI RSI PSI L-S Scaling Tendency of Water Corrosivity of Water

Dewatering 0.8 5.6 5.97 1,032 Heavy Scale Forming Very Aggressive

Process Water 0.3 7.0 6.54 3 Slightly Scale Forming Aggressive

LSI: Langelier Saturation Index, RSI: Ryznar Stability Index, PSI: Practical Saturation Index, L-S: Larson-Skold Index
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5.4 Microbiological Analysis
The biological analysis of collected dewatering water samples 
revealed the presence of microbial communities (aerobic and 
anaerobic), with slime forming and metal reducing bacteria. 
However, the population of microbial colonies were measured 
to be low to moderate and the risk of MIC is therefore 
considered to be low.

Results of the bacterial analysis within the process water lines 
revealed that a significant amount of bacteria were present. 
The bacteria greatly accelerates the formation of tubercles by 
accumulating a large amount of iron (III) corrosion products 
and significantly increases the risk of localised corrosion (e.g. 
pitting) in areas with low water velocity. Bacteria tend to settle 
non-uniformly on the metal surface. They may form discrete 
colonies, which later completely cover the metal surface. 
Under ideal conditions, the bacteria are reported to grow 
best in a temperature range 15 to 45 °C and pH of 6 to 8 [4]. 
Most of the bacteria can form extracellular polymeric material 
known as slime. The slime is involved in attaching the bacteria 
to the metal surface, trapping and concentrating nutrients. 

The most likely locations of microbiological induced corrosion 
attack in process water lines will be associated with the weld 
joint connection near the bends. The change to flow direction 
provides disruption to the water flow pattern, with the local 
turbulence trapping the solids present in the water, including 
bacterial food, around it. 

5.5 Internal Corrosion Risk Assessment
The water scale tendency and the corrosivity of water were 
combined to rank each location and determine the areas 
of concern on a 4×4 matrix as shown in Figure 5. The 
assessment is based on average values. This ranking provides 
a tool to focus attention on the most critical areas and 
pipe services.

The area of most concern is where the water qualities are in 
the red zone (primarily corrosive waters) with no protective 
scale. It should be noted that corrosion issues in the red 
zone could be addressed by either materials selection 
(changing the steel pipework to HDPE) or treatment of the 
water supply.

Some process water lines whose characteristics fall into 
the orange zone squares in Figure 5 are also considered 
aggressively corrosive, but not as highly corrosive as in the 
red zone. Some form of planned corrosion mitigation is also 
appropriate in these zones. 

The dewatering pipes are considered as carrying “hard” 
waters, having high concentrations of calcium and often 
also magnesium, and high buffering capacity – hence the 
tendency to deposit calcium based scales such as calcium 
carbonate. The scale formation will be accelerated in areas 
of the dewatering system that have higher temperatures and 
lower velocity.

Issues arising with dewatering line waters primarily relate 
to scale deposition, so generally will require resolution by 
treatment of the water supply.

Although deposition of scale may provide some corrosion 
protection, it also reduces the cross- sectional area of the pipe 
and increases turbulence, potentially resulting in a restricted 
flow. For this reason, the water with this characteristic was 
categorised as medium to high risk in the matrix.

6. Conclusions
An investigation was performed to assess the condition of 
the pipework for a WA underground mining operation with 
respect to potential corrosion integrity threats and to establish 
the level of deterioration. The piped services for the mine 

Figure 5 Water Quality Analysis Matrix.
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have been in service for 25 years. For this study, a number of 
direct examination techniques (i.e. visual inspection and non-
destructive tests) and in-direct inspection methods (i.e. sample 
collection and laboratory tests) were utilised to verify pipe 
integrity and corrosion risk issues. 

The external surface of the piped services in the underground 
mine has experienced general and pitting corrosion resulting 
from salt contamination of surfaces in area exposed to wet/
dry cycles due to mine water splash and inadequate, or failure 
of , corrosion protection measures. The external corrosion of 
the service pipes were particularly intense in areas where it is 
regularly splashed by mine water or in areas that experience 
condensation or high humidity. High levels of chlorides in 
mine water splash, and accumulation of dust increases the 
severity of corrosion.

The results of the saturation and stability indices show 
that the process water was slightly scale forming. Chloride 
and sulfate ions have essentially no effect on the internal 
corrosion of process water as long as a protective uniform 
scale presence on the internal pipe surface occurs. The 
results of the bacterial analysis of process water revealed a 
significant amount of bacteria presence within the process 
water lines. The bacteria greatly accelerate the formation of 
tubercles by accumulating large amount of iron (III) corrosion 
products and significantly increases the risk of localised 
corrosion (e.g. pitting) in areas with low water velocity.

The results of the investigation show that the primary 
problem in the dewatering line is related to scale deposition. 
The heavy scale formation would probably stifle the internal 
corrosion of the dewatering line, but it also reduce the cross-
sectional area of the pipe and increases turbulence, potentially 
resulting in a restricted flow. The pump technology of the 

dewatering pump (positive displacement) and the low demand 
variation means that the scale will not have an impact on the 
system performance until it reaches a critical level of build-up.

The biological analysis of collected water samples revealed 
the presence of microbial communities (aerobic and 
anaerobic), with slime formed and metal reducing bacteria 
in the dewatering line. However, the population of microbial 
colonies were measured to be low to moderate and the risk of 
MIC is considered to be low.

The potential corrosion risk is discussed through a developed 
risk matrix, which provides a tool to focus attention on the 
most critical areas and pipe services. The asset owners found 
that this condition report assisted them in making plans for 
pipe replacements with alternative materials in mission-critical 
operational areas.
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1. Introduction
Artificial Intelligence (A.I.) has become ubiquitous in 
our modern lives. From automatic detection of faces in 
applications such as Snapchat, to Google suggested search 
results from recent browsing history, the results of machine 
learning are reaching further into our lives every day. Highly 
publicised A.I. advances that the broader public can relate 
to include when the IBM supercomputer (known as Watson) 
beat the world champions at Jeopardy, or more recently when 
the AlphaGo A.I. from Google’s DeepMind beat the world 
champion at the ancient Chinese strategy game ‘Go’. 

A.I. sophistication has accelerated thanks to increases in 
Graphic Processing Unit (GPU) performance and the creation 
of very large datasets collected via the Internet. Indeed, if 
you’ve ever completed a CAPTCHA (www.captcha.net/) 
online, you’ve contributed to training a machine. At the same 
time, developments in the field of A.I. have led to deeper 
network architectures with complex structures to improve 
performance in training and application. Up until the 1990s 
Artificial Neural Networks (ANNs) were largely constrained to 
one input layer, one hidden layer and one output layer (1). 
Today’s Deep Learning networks utilise multiple hidden layers, 
which leads to very compute-intensive weight matrices, for 
instance the University of Oxford Visual Geometry Group 
16-layer network (VGG-16) has 138 million parameters.

Researchers in A.I. have in part been driven by machine 
learning contests. In the field of computer vision, the present 
benchmark competition is known as ImageNet (www.image-
net.org/); where the dataset for 1000 classes is provided to 
competitors for training automated classification systems. 
The aim of the research reported herein is to retrain the 
VGG-16 model that won the 2014 ImageNet competition to 
identify and locate corrosion in images. Corrosion presents a 
challenging detection subject that may occur in many shapes 
and forms, depending on the substrate and environment. 
Initially the network presented has been trained to detect 
atmospheric corrosion of mild steel (i.e. “rust”). 

Routine visual inspection remains a key activity in risk based 
asset management. Inspection activities incur significant costs 
due to the need for safe access, especially in the oil and gas 
sector where factors such as location, height, complexity and 
environment, are present. Human inspection reliability may 
also suffer from fatigued, subjective and otherwise variable 
assessors. It is intended that an automatic corrosion detector 
will supplement visual inspection of assets, leading to faster 
inspections and reduced inspection costs, whilst mitigating 
many of the safety precautions presented to inspectors. One 
end-goal may be to equip a robot with corrosion detecting 
cameras for autonomous inspection, providing reliable expert 
level assessments. The following sections take a high-level look 
at the methods utilised, the challenges presented, and presents 
a framework for overcoming these.

2. Experimental Details
A Fully Convolutional Network (FCN) was selected for the 
corrosion detector Deep Learning network architecture 
because it can identify where in an image it detects corrosion, 
and can handle variable image input resolutions. The FCN 
architecture primarily consists of convolutional layers, so 
called because they convolve the preceding layer to produce 
feature maps, thus the trained FCN performs as a “nonlinear 
filter” (2) of the input image. The input to the corrosion 
detector FCN consists of the individual pixel intensities in 
each of the red, green and blue channels of an image. The FCN 
outputs a densely-labelled image, where each pixel is coloured 
according to its detected class – within computer vision this is 
known as semantic segmentation of the image (3). 

The initial step for machine learning is to build the dataset for 
training of the network. The building of a dataset for training 
in the context of condition assessment includes compiling and 
labelling images of corrosion in different settings, on various 
asset types, and from diverse angles. For strongly supervised 
training where the level of labelling detail is the same as the 
required output of the model (4), the training dataset was 
produced with individual pixels labelled by the authors in 
Adobe Photoshop using simple colour coding to demarcate 
corrosion, no corrosion, or ignore (for areas that researchers 
were unable to differentiate, e.g., in shadow or areas of heavy 
staining). The dataset was generated by segmenting 166 high 
resolution images for their associated “ground truth” label 
images. An example of an original image is presented in Figure 
1 and the corresponding ground truth image is presented 
in Figure 2. The training set comprised 80% of the dataset 
images, and 20% of the images were retained in the validation 
set for network performance evaluation.

Figure 2. Groundtruth Image, Corrosion labelled as magenta 
(R,G,B = [255,0,255]), background labelled as red (R,G,B = [255,0,0])

Figure 1. Example of Original Image for Training

 RESEARCH PAPER
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The corrosion detector utilises the FCN implementation of 
VGG-16 written in TensorFlow from Teichmann et. al. (5) 
modified for the training dataset.

The machine learning network utilised herein for corrosion 
detection was trained on an NVidia TitanX 1080 Graphical 
Processing Units (GPUs) for 60,000 iterations using ADAM 
optimisation (6) with an initial learning rate of 10-5 to 
minimise cross-entropy loss (7). The minimisation of cross 
entropy loss, defined as the difference between the predicted 
probability distribution and the true probability distribution, 
provides a strong training signal even when the true 
probability is small and as such is a good loss measure for 
image recognition problems.

3. Results 
Herein, a corrosion detection network is described that 
incorporated 166 training images, and was deployed in the 
analysis of images of corrosion in various settings. During 

network ‘training’, the validation set was periodically 
evaluated for cross-entropy loss (previously defined in the 
Experimental section) and was reduced from an initial value of 
0.98 to 0.11.

Figure 3 provides an example output corrosion detection of 
the trained network, where green pixels are labelled positively 
as ‘corrosion’.

Figure 4 presents the same image as in Figure 3, however 
the network output is presented in heatmap contrast for 
‘corrosion’ activation scores for each pixel. The original image 
was 5760 × 3840 pixels, of a visually complicated structural 
support and piping structure. The inference was performed on 
the same GTX 1080 GPU as used for training, downsizing the 
image to 3000 × 2000 pixels, and analysis of such an image 
was executed in approximately 0.9 seconds. The downsizing 
was carried out due to memory limitations of the GPUs.

Figure 3. Example Output of Corrosion Detection Network. Pixels the network (i.e. A.I. model) has automatically labelled as 
corrosion are coloured Green.

Figure 4 Example Output of the Corrosion Detection Network, presented as a heatmap.
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4. Discussion
After training on a dataset of just 166 examples the network 
presented herein was able to identify the majority of corroded 
areas within subsequent (computer only) analysis of new 
images. However, when the output was assessed by an expert 
corrosion engineer (i.e. a human) there were instances of 
false positives detected, in particular the brown coloured 
sheet metal to the top left of the image (in Figure 3). False 
negatives are also present where corrosion is not labelled by 
the network, e.g., on the handrail of Figure 3. The impact of 
utilising a network that may produce false positives and false 
negatives will depend on the nature of the application, which 
is not the purpose of the present study. However, a network 
with as high fidelity as possible is required in cases when 
engineering decisions may follow. It is anticipated that further 
training will reduce these errors, particularly if the training 
set is expanded to include more examples that include the 
problematic features. This ongoing training is targeted much 
like an educational program that evolves for a student.

In terms of deployment to a drone or crawler robot there are 
several remaining barriers to implementation of a corrosion 
detection network that are being worked on at present, 
including the following:

4.1 Computer power required to run A.I. network
Mounting any detection system on a robot introduces weight 
and (mobile) power limits. In order to overcome these 
limitations, the computer network should be optimised to 
be able to run on a single low power chip. The corrosion 
detection network presented herein comprises some 138 
million neurons as adapted from the VGG-16 architecture. 
We expect that this number is vastly more than is required 
to accurately detect corrosion, and that many of the neurons 
are not contributing to the detection in a significant way. 
The advantage of utilising such a large network architecture 
is that it can be adapted to other tasks, and in the future the 
same network could be trained to detect multiple features 
of interest, for examples cracks in concrete, paint defects, 
and of course corrosion of other alloys such as aluminium 
or zinc. Meanwhile, for deployment of the corrosion 
detection network it could be compressed into a smaller 
form, without significant loss of performance. This can 
be achieved by network distillation as detailed in (8). The 
minimum architecture size for acceptable results can be found 
by incrementally reducing the depth of the network and 
measuring performance.

4.2 Access for inspection
Often a key consideration for visual inspection crews is 
gaining access, and gaining it safely adds considerable expense 
to the task. Although we anticipate that automated inspection 
robots will reduce the cost of safe inspection, there are still 
some important considerations and limitations. Drones are a 
great choice for quick surveying, however they present their 
own safety hazards with spinning rotors and radio frequency 
controls that restrict their use in the presence of critical 
infrastructure, such as oil and gas facilities, or above crowded 
areas. Furthermore, the ability to fly drones is also restricted 
by several laws that require adherence to airspace controls, 
defined in Australia under Civil Aviation Safety Regulations 
Part 101. For assets that require frequent inspections a 
specialist cable or rail mounted system may be appropriate, 
and a modified ‘spider-cam’ could be envisioned for offshore 
structures. More portable options include a pole cam, and a 
robotic boat for wharf inspections. It is also anticipated that 
Augmented Reality implementations may be popular to assist 
inspectors alongside other asset data collection methods.

4.3 Choosing an appropriate imaging resolution 
for detection
The resolution of input images is directly related to the 
compute-time of inference, with each pixel value needing to 
be loaded into the RAM. For training, very high-resolution 
images were used, in the order of 35 Mega-Pixels (MP) that 
needed to be sliced into smaller images to prevent ‘out 
of memory’ errors when the GPUs runs out of memory. 
For deployment, it will be necessary to adopt an imaging 
resolution that satisfies the detail required by asset owners, 
but that is able to be processed in adequate time with limited 
compute resources. One option is to compress the images for 
inference, however it has been found that the network will 
misinterpret finer details under this scenario. Full resolution 
semantic segmentation has been achieved in real time using 
a cascading network balancing network depth and resolution 
in (9). Using a similar approach, it is expected that the final 
automated imaging system will be able to handle 1980 × 1080 
pixels or more in real time, the final image resolution will 
depend on GPU memory available.

4.4 Locating detected corrosion
When deploying an accurate corrosion detection network, 
it may not be as meaningful if a drone surveys a site and 
returns many images of corroded assets without identifying 
the specific defect (geo)locations, in addition to the corrosion 
location within a given image. Therefore, it is necessary to 
assign identifying features to the images captured. In the 
future, it may be possible to locate defects through site wide 
geographical information systems. However, in the near-
term location information is likely to be obtained by pairing 
Geographical Positioning Systems (GPS) with camera pose 
direction metadata. It may also be possible to equip the robot 
with a paint marker to allow repair crews to quickly locate 
defects, and eventually a robot that can undertake minor 
repairs in-situ is entirely possible.

5. Conclusions
•  The research presented herein provides an overview of the 

demonstration that Artificial Intelligence (so-called Deep 
Learning networks) can be used successfully as a corrosion 
detector. Given the complexity of corrosion manifestations, 
more work is needed in order to produced expertly trained 
models that can minimise false positives (i.e. erroneous 
detection of corrosion) and false negatives (i.e. missed 
detection of corrosion). Such work is ongoing and within the 
potential of the processes outlined herein.

•  The accuracy of a corrosion detection network will depend 
heavily on the training dataset. This is akin to the efficacy 
of any training (or education) based exercise. For example, 
to disambiguate features that are under-represented in 
training images, the network presented herein struggles 
with its current level of training. An example of features 
underrepresented in the dataset includes rust coloured items 
such as, for example, red bricks. As a result, a wide training 
dataset is required for a general or universal corrosion 
detection network; however, either specific or minimalist 
training datasets could be utilised in specialised cases when 
unique infrastructure is being assessed exclusively.

•  Limitations in the practicality of deploying automated 
inspection that are yet to be overcome include; a reduction 
in the computing power required for image labelling, 
provision of access for crawlers and drones, selecting 
appropriate resolution equipment for image capturing, and 
attaching location data to the information collected. Such 
aspects represent important future developments that are in 
some cases or industries, underway.
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6. Call for Images
The authors are interested in obtaining more images of 
corrosion for training and validation of the model – readers 
can send correspondence to Will Nash, who will be very 
grateful: will.nash@monash.edu.
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